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Databases are a crucial part of nearly all computer-based business systems. Some read¬ 
ers of this book may be considering introducing databases into their routine work. Others 
may have to actually develop real database-based business systems. The database is the 
technology that supports these systems behind the scenes, and its true nature is difficult to 
understand. 

This book is designed so that readers will be able to learn the basics about databases 
through a manga story. At the end of each chapter, practice exercises are provided for con¬ 
firmation and expanding the knowledge you've obtained. Each chapter is designed so that 
readers can gain an understanding of database technology while confirming how much they 
understand the contents. 

The structure of this book is as follows. 

Chapter 1 describes why we use databases. Why is a database necessary? What kind of 
difficulties will you have if you do not use a database? You will learn the background infor¬ 
mation that using a database requires. 

Chapter 2 provides basic terminology. You'll learn about various database models and 
other terms relating to databases. 

Chapter 3 explains how to design a database, specifically, a relational database, the 
most common kind. 

Chapter 4 covers SQL. a language used to manage relational databases. Using SQL 
allows you to easily manage your data. 

Chapter 5 explains the structure of the database system. Since a database is a system 
through which many people share data, you will learn how it can do so safely. 

Chapter 6 provides descriptions of database applications. You'll learn how Web-based 
and other types of database systems are used. 

This book was published thanks to the joint efforts of many people: Shoko Azuma for 
cartoons. TREND-PRO for production, and Ohmsha for planning, editing, and marketing. I 
extend my deep gratitude to all those concerned. 

I hope that this book is helpful to all readers. 


MANA TAKAHASHI 
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The Kingdom of Kod currently uses a file-based system to manage its data. But it seems 
that the current system has a few problems. What are they, in particular? Let’s look at the 
system in detail. 

The Kingdom currently has three departments: the Merchandise Department, the 
Overseas Business Department, and the Export Department. The Merchandise Department 
keeps track of all fruit produced in the country, the Overseas Business Department manages 
the foreign countries that are the Kingdom's business partners, and the Export Department 
keeps records of the amount of fruit the Kingdom exports. 




PATA ie PUPUCATEP 

Princess Ruruna isn't satisfied with the current system. But why not? Each department 
in the Kingdom manages data independently. For example, the Merchandise Department 
and the Export Department each create files to manage fruit data. Therefore, data is dupli¬ 
cated needlessly across the departments. Each department must enter the data, store the 
data, then print receipts for confirmation, all of which is a waste. In addition, data trapped in 
one particular department is never shared effectively with the other departments. 
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But that's not all. The system also creates problems when someone needs to change 
the data. For example, let's assume that the price of apples changes. To deal with this. Prin¬ 
cess Ruruna must notify every department individually that the price of apples has changed. 
Isn’t that inconvenient? 



DATA CM CONFLICT 

It may seem easy enough to notify each department that the price of apples has changed, 
but it can create a new set of problems. Let's say that Princess Ruruna does notify the three 
departments that the price of apples has changed. However, the Overseas Business Depart¬ 
ment may forget to change the price, or the Export Department might change the price to 
300G instead of 120G. These kinds of errors result in conflicting data between departments, 
which causes the content of the file systems to differ from the conditions of the real world. 
What a pain! 



MERCHANDISE DEPARTMENT 
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Product name 

Unit price 
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Strawberry 

150G 

Apple 

300G 

Lemon 

200G 
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DATA IS DIFFICULT TO UPDATF 

The current system not only creates conflicting data, but it also makes it difficult to respond 
to changes in business. For example, lets say that the King wants to launch a new Tourism 
Department When a tour guide conducts a tour of the orchards and discusses the King¬ 
dom's fruit sales, the guide will want to use the most up-to-date sales figures. 

But, unfortunately, the current system does not necessarily allow the departments to 
access each other’s data, since the files are kept independently. To manage a new tourism 
business, Princess Ruruna will have to make copies of all the relevant files for the Tourism 
Department! 
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This, in turn, increases the amount of duplicated data created when a new department 
starts. Considering these weaknesses, the current system is not efficient. It makes it difficult 
to start new projects and respond to environmental changes. 
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Well, why is this system so inefficient? The problems all stem from separate and indepen¬ 
dent data management. What should Ruruna and Cain do? That's right—they should create 
a database! They must unify the management of data for the entire Kingdom. I will show 
you how to do this in the next chapter. 



Uniform data management ensures that each department has the correct information, 
because each department sends a query to a single source of data. What an efficient system 
it is! It prevents data conflicts, and it also eliminates duplicated data, allowing for easy intro¬ 
duction and integration of new departments. 


HOW TO USB A PATABAS5 

To introduce and operate a database, you must understand its unique challenges. First, the 
database will be used by many people, so you'll need a way for them to easily input and 
extract data. It needs to be a method that is easy for everybody to use. 



The new system also presents some risks—for example, it may make it possible for 
users to steal or overwrite important information like salary data, which is confidential 
and should be protected by an access restriction. Or. for example, only the Export Depart¬ 
ment should have access to sales data. Setting up database security and permissions is 
important when designing a system. 
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PATABA6E 



X CAN 

ACCESS- SALES 



The new system can have other problems, too. The database can be used by many 
people at one time. Assume that someone in the Overseas Business Department and some¬ 
one in the Export Department both try to change the name of a fruit at the same time—the 
former, from Apple to AP, and the latter, from Apple to APL. If they do this, what will happen 
to the product name? For a database that will be used by many people, this kind of problem 
must be considered. 



You also need to be careful not to lose any data. Furthermore, the system may go down 
or a hard disk could fail, causing data to be corrupted. The database must have mechanisms 
to recover from these common kinds of failures. 
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THP POINT OP VIPW 
OP A PATABA5P, 



POMP VALUP5 UNPPR 
RPMARK5 HAVP NO 
PNTRIP5, RIOHT? 





I 5PP YOUR 
POINT... 
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REMARKS 


with seeps 



SOUR 


WITH BUR 


THIS POES NOT 
MEAN THAT A SPACE 
IS ENTEREP... 


IT IS TRULY EMPTY 



IF THAT'S SO/ YOU 
CAN'T IPENTIFY THE 
PROPUCT EVEN IF 
YOU LOOK AT THE 
REMARKS. 


7 //fey 

r/m 


f 4 


SIT li 


NOPE. 





CANNOT BE NULL. 


A 


PROPUCT 

COPE 


\*\ 


W 




(o<V 


T-M 



3o1 


3 



PROPUCT 

NAME 

UNIT PRICE 

MELON 

300(3 

STRAWBERRY 

1 306 

APPLE 

1206 

LEMON 

Z006 

CHESTNUT 

1006 

PERSIMMON 

1606 

PEACH 

1306 

KJWI 

2006 


REMARK 


WITH SEEPS 


SOUR 
WITH BUR 



THE ABSENCE OF A VALUE 
IS CALLEP A NUU IN THE 
PATABASE WORLP. 



A NULL IS ACCEPTABLE FOR 
REMARKS/ BUT NOT FOR 
PROPUCT COPE, WHICH 
IPENTIFIES PATA. 




THAT'S ALL FOR 
PATABASE TERMS. 

PO YOU 
UNPERSTANP? 


••••••• 

•» 2 yM\ 


mix 


m i 


m 


YEAH.... 


WELL, 

VA6UELY.. 




NULL? 


EMPTY? 


UNIQUE? 


MUTTER.. 

MUTTER.. 
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BUT, IF you CONTINUE 
USINO THE CURRENT 
INPEPENPENT FILES, 






THERE ARE ALL KINPS 
OF PROBLEMS YOU 
CAN'T SOLVE. 


SO, TELL ME, TELL 
ME NOW. 


HOLP ON/ 




WHEN YOU SAY 
PATA&A5E, YOU MUST 
UNPERSTANP THAT THERE 
ARE MANY KINPS OF 
PATA BASES. 




JUST LIKE 
\W FRUIT. 




IS THAT SO? 


THAT'S RIOHT. 




THAT'S WHY I WANT TO 
CREATE A PATABASE. 





PATA 



\ 


FOR EXAMPLE, 


S. 






THERE IS A TREE-LIKE 
RELATIONSHIP BETWEEN 

PATA. 


ACK, SOMETHING APPEAREP. 
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NEXT 16 THE NETWORK PATA 
MOPEL, IN WHICH PIECES 
OF PATA HAVE OVERLAPPING 
RELATIONSHIPS WITH EACH 

OTHER. 


©ocdSooo 


ttl XG 



is 


iPATA 


y'A' i 

PATA 


PATA 


PATA 



pataI [pata 


ipATA 


VATA 










patai % 


'ssnzsz 


ARS YOU NOT 
ASTON ISHSP AT 
ALL, CAIN? 


I it 


■Ait 


H '//" 


u a 


I'M RFAPY FOR 
ANYTHIN©' 



r4 

/)/. Hi 



rik\ 


^9 




THEN, ARE WE GOING 
TO USE ONE OF THEM? 


,o 


OPE 


MSS 


Si 



wmiMgk 



fgmm 


m 




AS A MATTER OF 
FACT, ANOTHER KINP 
IS MUCH EASIER TO 
USE THAN THESE 
TWO. 




you WERE 

SCAREP, 

WSRSN'T NO, NOT 
yOU? AT ALL., 










i 


o 



XT IS CALLEP... 


A RELATIONAL PATA MOPEL. 



RELATIONAL? 
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HEAPINO 

HEAPINO 

HEAPINO 

HEAPINO 

PATA 

PATA 

PATA 

PATA 

PATA 

PATA 

PATA 

PATA 

PATA 

PATA 

PATA 

PATA 
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w'" 7 



ol 


/II 
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THF RELATIONAL PATA 
MOPEL 15 BA5FP ON A 
TWO-PIMFN5IONAL TABLE. 


AH. 


EOMETHINO 
APPEAREP AOAIN. 


n * 


IT'5 FAMILIAR 
TO ME. 



5? 


C7, 


/ IT 5EFM5 THAT PATA 
5UCH A5 PROPUCT5 15 
FA5Y TO TABULATE.... 


IN THF RELATIONAL 
PATA MOPEL, A TABLF 
15 AL50 £ALLFP A 
RELATION. 


RELATION 



THAT'5 NFW5/ 
TOMF. 


COLUMN 


f\ewP 










RV / 


V 








< / <r 

oVaT 




ANOTHER 
NEW WORP.' 


ROW 


Re 


C Or d 









m 


o 


ONF PIECE OF PATA OR 
RFCORP 15 CALLFP A 
ROW... 



ANP EACH PATA ITFM 
OR FIFLP 15 CALLFP A 
COLUMN. 
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IN APPITION, 

A FIFLP 15 
50MFTIMF5 OIVFN 
AN IMPORTANT 
ROLF IN THF 
PATABA5F. 



wm 

mm 


mm 

it 


s% 


o 




IMPORTANT 

ROLF? 


y?5. FOR 

FXAMPLF, 


n -r 


THI5 5PFCIAL FIFLP 
15 CALLFP A KEY. 








I 



THF PROPUOT 
COPF IN THF FILF 
YOU 5AW A LITTLF 
WHILF AOO. 




THF FIFLP 5FRVF5 AN 
IMPORTANT ROLF: TO 
IPFNTIFy PATA. 


THI5 COPF 
15 CALLFP A 
PRIMARY RBY. 


I PIPN'T KNOW 
THFRF WFRF 50 
MANy TFRM5. 


© 

PR!MAflY r |f 
. KEY U / 







oV 


o\ 


a 0 


o \ 


€3 


■r 



WFLL/ I'M FAMILIAR 
WITH TABLF5. 


IT 1$ EA5Y TO 
UNPER5TANP IF YOU 
CAN PROOFS PATA 
. USING A TABLE. , 


nr#* 


THI5 15 ONF MFRIT 
OF THF RFLATIONAL 
PATA MOPFL. 


1 



FVFN PFOPLF WHO 
PO NOT KNOW MUOH 
ABOUT PATABA5F5 
OAN PROOF55 PATA. 
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IN APPITION, The 
RELATIONAL PATA 
MOPEL IE PEEIONEP 
EO THAT YOU CAN 
PROCEEE PATA 
WITH MATHEMATICAL 
OPERATIONS 




ER...MATH? 



AE I EUEPECTEP, 
THIE IE 

PIFFICULT... , 


NOT AT ALL. 





PROPUCT PROPUCT 


cope 


loy 


1°3> 


1 0 H- 


NAME 


\ 0 1 MELON 


UNIT PRICE REMARKS 


STRAWBERRY 


APPLE 


LEMON 


2 CHESTNUT 


2 01 PERSIMMON 


3 O 1 PEACH 


3 0 1 KIWI 


8006 


IS00 


120(5 


200(5 


1000 


160(5 


1306 


2006 


WITH SEEPS 



SOUR 


WITH BUR 



VALUABLE 


M&Qicr 


PROPUCT 

NAME 


MELON 


STRAWBERRY 


APPLE 


LEMON 


CHESTNUT 


PERSIMMON 


PEACH 


KIWI 






you CAN 

EXTRACT THE 
PROPUCT NAME? 



lii£« 



g|PMR 


AN OPERATION 
TO EXTRACT A 
COLUMN LI ICE 
THIE IE CALLEP 
PROJECTION. 
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50 EXTRACTING THE 
PROPUCT NAME 15 AN 
OPERATION? 


YE5, IT'5 5IMPLE. 



THERE ARE MANY 
OTHER OPERATION5. 
IN FACT, THERE ARE 
EIGHT/ 


PROPUct 



\ DlFF£RB »ce 


Vision 


PRO. 








J£ ct, 


o N 


jO\H 


B CTIoh 


ANOTHER MERIT OF THE 
RELATIONAL- PATA MOPEL 
15 THAT YOU CAN PROCE55 

PATA BY... 


MANY/ 


COMBINING THE5E 
OPERATIONS 
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50 THEN, WE WILL CREATE 
A RELATIONAL- PATAEA5E 
FOR THE KJNOPOM OF 
KOP, WONT WE? 



rrte-HeeeeeE 
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rupee of z?aca moveie 



When you use the term database, what kind of database do you mean? There are many 
types available for data management. The data association and operation methods that a 
database uses is called its data model. There are three commonly used data models. 

As I described to Ruruna and Cain, the first type is the hierarchical data model. In the 
hierarchical data model, child data has only one piece of parent data. The second type is the 
network data model. Unlike the hierarchical data model, in the network data model, child 
data can have multiple pieces of parent data. 




Network data model 


To use either of these models, you must manage data by keeping the physical location 
and the order of data in mind. Therefore, it is difficult to perform a flexible and high-speed 
search of your data if you use a hierarchical or network data model. 

The third type of model is the relational data model. A relational database processes 
data using the easy-to-understand concept of a table. Let's discuss this model in more 
detail. 



Relational data model 


c?aca ^xcRaccior) opepazione 


How is data extracted in a relational database? You can process and extract data in a rela¬ 
tional database by performing stringently defined mathematical operations. There are eight 
main operations that you can use, and they fall into two categories—set operations and rela¬ 
tional operations. 

set OPERATIONS 

The union, difference, intersection, and Cartesian product operations are called set 
operations. These operations work upon one or more sets of rows to produce a new set of 
rows. In short, they determine which rows from the input appear in the output. Let's look at 
some examples using Product Table 1 and Product Table 2. 
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PROPUCT TABLE 1 


PROPUCT TABLE 2 


Product name 

Unit price 

Melon 

800G 

Strawberry 

150G 

Apple 

120G 

Lemon 

200G 


Product name 

Unit price 

Melon 

800G 

Strawberry 

150G 

Chestnut 

100G 

Persimmon 

350G 


UNION 

Carrying out the union operation allows you to extract all products included in Product 
Table 1 and Product Table 2. The result is below. 


Product name 

Unit price 

Melon 

800G 

Strawberry 

150G 

Apple 

120G 

Lemon 

200G 

Chestnut 

100G 

Persimmon 

350G 


Performing a union operation extracts all rows in the two tables and combines them. 
The following figure shows what the data from the two tables looks like once a union 
operation has been performed. All rows in Product Table 1 and Product Table 2 have been 
extracted. 


PROPUCT 
TABLE 1 


PROPUCT 
TABLE 2 
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PIFFFRFNCF 


Difference is an operation that extracts rows from just one of the tables. For example, a dif¬ 
ference operation can extract all of the products from the first table that are not included in 
the second. The results depend on which table contains rows to extract, and which table has 
rows to exclude. 


Product name 

Unit price 

Apple 

120G 

Lemon 

200G 


f 

PRODUCT PRODUCT 

TABLE 1 TABLE 2 



Product name 

Unit price 

Chestnut 

100G 

Persimmon 

350G 


FROPUCT PRODUCT 

TABLE 1 TABLE 2 





INTERACTION 

You can also extract products that are included in both Product Table 1 and Product Table 2. 
This operation is called an intersection operation. Here is the result of the intersection of 
Product Tables 1 and 2. 


Product name 

Unit price 

Melon 

800G 

Strawberry 

150G 
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CART55IAN PROPUCT 


The Cartesian product operation is a method that combines all rows in the two tables. Let's 
look at the Product and Export Destination Tables below. 

The Cartesian product operation combines all rows in the two tables. In this example, it 
resulted in 3 * 3 = 9 rows. Notice that the column names (or fields) in these two tables are 
not the same—unlike our previous examples. 


EXPORT PECTINATION TABLE 


3 

rows 


CARTESIAN PROPUCT 



Export dest. code 

Export dest. name 

12 

The Kingdom of Minanmi 

23 

Alpha Empire 

25 

The Kingdom of Ritol 


PROPUCT TABLE 


Product code 

Product name 

Unit price 

101 

Melon 

8006 

102 

Strawberry 

150G 

103 

Apple 

120G 


Product code 

Product name 

Unit price 

Export dest. code 

Export dest. name 

101 

Melon 

800G 

12 

The Kingdom of Minanmi 

101 

Melon 

800G 

23 

Alpha Empire 

101 

Melon 

800G 

25 

The Kingdom of Ritol 

102 

Strawberry 

150G 

12 

The Kingdom of Minanmi 

102 

Strawberry 

150G 

23 

Alpha Empire 

102 

Strawberry 

150G 

25 

The Kingdom of Ritol 

103 

Apple 

120G 

12 

The Kingdom of Minanmi 

103 

Apple 

120G 

23 

Alpha Empire 

103 

Apple 

120G 

25 

The Kingdom of Ritol 


3x3 = 
9 rows 
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RELATIONAL OPERATIONS 


A relational database is designed so that data can be extracted by set operations and rela¬ 
tional operations. Let’s look at the other four operations specific to a relational database, 
called relational operations— projection, selection, join, and division. 

PROJECTION 

Projection is an operation that extracts columns from a table. In the example shown here, 
this operation is used to extract only product names included in the Product Table. 

Product name 

Melon 

Strawberry 

Apple 

Lemon 

Think of projection as extracting ■’vertically.” as shown below. 


SELECTION 

The selection operation extracts two rows from a table. 


Product name 

Unit price 

Melon 

800G 

Strawberry 

150G 


Selection is like projection, but it extracts rows instead of columns. Selection extracts 
data "horizontally." 
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JOIN 


The join operation is a very powerful one. This operation literally refers to the work of join¬ 
ing tables. Let’s look at the tables below as an example. 

PROPUCT TABLE EALE5 TABLE 


Product code 

Product name 

Unit price 

101 

Melon 

800G 

102 

Strawberry 

150G 

103 

Apple 

120G 

104 

Lemon 

200G 


Oate 

Product code 

Quantity 

11/1 

102 

1.100 

11/1 

101 

300 

11/5 

103 

1,700 

11/8 

101 

500 


The Product Code columns in these two tables represent the same information. On 
November 1st. 1.100 strawberries (product code 102) were sold. The Sales Table does not 
include the product name, but it does include the product code. In other words, the Sales 
Table allows you to understand which product was sold by making reference to the product 
code, which is the primary key in the Product Table. The product code in the Sales Table is a 
foreign key. Joining the two tables so that the foreign key refers to the primary key results in 
the following table. 


Date 

Product code 

Product name 

Unit price 

Quantity 

11/1 

102 

Strawberry 

150G 

1,100 

11/1 

101 

Melon 

800G 

300 

11/5 

103 

Apple 

120G 

1,700 

11/8 

101 

Melon 

800G 

500 


This creates a new dynamic table of sales data, including date, product code, product 
name, unit price, and quantity. The figure below shows a join—the shaded area represents a 
column that appears in both original tables. 
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PIVI5ION 


Finally, let’s look at division. Division is an operation that extracts the rows whose column 
values match those in the second table, but only returns columns that don't exist in the sec¬ 
ond table. Let's look at an example. 


6-ALE5 TABLE EXPORT PECTINATION TABLE 


Export dest. code 

Export dest. name 

Date 

12 

The Kingdom of Minanmi 

3/5 

12 

The Kingdom of Minanmi 

3/10 

23 

Alpha Empire 

3/5 

25 

The Kingdom of Ritol 

3/21 

30 

The Kingdom of Sazanna 

3/25 


Export dest. code 

Export dest. name 

12 

The Kingdom of Minanmi 

23 

Alpha Empire 


Dividing the Sales Table by the Export Destination Table results in the following table. 
This allows you to find the dates when fruit was exported to both the Alpha Empire and the 
Kingdom of Minanmi. 


Date 
3 ~ 


aueev one 



Now, let's answer some questions to see how well you understand relational databases. The 
answers are on page 48. 

Q1 

What do you call the key referring to a column in a different table in a relational 
database? 

Q2 

The following table displays information about books. Which item can you use as a 
primary key? The ISBN is the International Standard Book Number, a unique identifying 
number given to every published book. Some books may have the same title. 


ISBN 1 Book name 

Author name 

Publication date 

Price 


/• 
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Q3 


What do you call the operation used here to extract data? 


Export dest. code ; 

Export dest. name 

12 ; 

The Kingdom of Minanmi 

23 

Alpha Empire 

25 

The Kingdom of Ritol 

30 

The Kingdom of Sazanna 


Q4 


Export dest. code 

Export dest. name 

25 

The Kingdom of Ritol 


What do you call the operation used here to extract data? 


Export dest. code 

12 _ 

23_ 

25_ 

30 


Export dest. name 

The Kingdom of Minanmi 
Alpha Empire 
The Kingdom of Ritol 
The Kingdom of Sazanna 


Export dest. code 

12 _ 

15_ 

22 _ 

23_ 

25_ 

30 _ 

31 _ 

33 


Export dest. code 

15_ 

22 _ 

31_ 

33 


i 


Export dest. name 

The Kingdom of Minanmi 
The Kingdom of Paronu 
The Kingdom ofTokanta 
Alpha Empire 
The Kingdom of Ritol 
The Kingdom of Sazanna 
The Kingdom ofTaharu 
The Kingdom of Mariyon 


Export dest. name 

The Kingdom of Paronu 
The Kingdom ofTokanta 
The Kingdom ofTaharu 
The Kingdom of Mariyon 
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Q5 

What do you call the operation used here to extract data? 


Export dest. code 

Export dest. name 

12 

The Kingdom of Minanmi 

23 

Alpha Empire 

25 

The Kingdom of Ritol 

30 

The Kingdom of Sazanna 


i 


Export dest. code 

Date 

12 

3/1 

23 

3/1 

12 

3/3 

30 

3/5 

12 

3/6 

25 

3/10 


Export dest. code 

Date 

Export dest. name 

12 

3/1 

The Kingdom of Minanmi 

23 

3/1 

Alpha Empire 

12 

3/3 

The Kingdom of Minanmi 

30 

3/5 

The Kingdom of Sazanna 

12 

3/6 

The Kingdom of Minanmi 

25 

3/10 

The Kingdom of Ritol 


Che ffeuacionau DataBase PRevaiLS/ 

In a relational database, you can use eight different operations to extract data. The extracted 
results are tabulated. If you combine the operations explained in this section, you can 
extract data for any purpose. For example, you can use the name and price of a product to 
create gross sales aggregate data for it. Relational databases are popular because they're 
easy to understand and provide flexible data processing. 
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you look wbirp 

IF you TALK TO 
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othfr peopue. 



V 


OH/ 


I HARPLy KNOW WHBRe 
TO BBOIN WHFN CRFATINO 
A PATABASB. 



SO I WAS ASKINO 
TICO'S APVIOe. 



OOOP 
MORN I NO, 
TICO. 
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Be CARBFUL/ 



f — " 
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FIRST OF ALL, WB 
CONSIPFRFP THAT WF 
COULP FASIL-Y CRFATF 
A PATABASF... 




IF WF COUL-P JUST 
FIOURF OUT THF ACTUAL- 
CONDITION OF THF 
KINOPOM OF K.OP.... 

WELL, THAT'5 ALL. 


TICO SAYS IT'S 
APPROPRIATF TO CRFATF 
A MOPFL- ANP ANALYZE 
THF CURRENT EXPORT 
MANAGEMENT 
FASFP ON IT. rt 


PLEASE 
TA KE A 
SEAT. 


THANK 

YOU. 

>'<( 


we HAVF TO STUPY 
SOMETHING NFW. 


rrs RATHER 
A LONO 
LE5EON... 



v. 


I'-y.-:J 


WELL, ARF YOU 
RFApy? 



E RFFFRS TO ENTITY ANP 
/? TO RELATIONSHIP. 







R& t 


lAt IOh 






i i 


F-R-? 


FNTITY ANP 
RELATIONSHIP— 


•• i y/ 


1WVA 


:»>£ | /X 


ME, 1 
NEITHER. 


I PON'T KNOW 
THFSF TERMS... 
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IN THE E~R MOPEL, YOU 
CONSIPER THE ACTUAL 

worlp using THE 

CONCEPTS OF ENTITY 
ANP RELATIONSHIP. 


I'LL CLARIFY 
THAT A BIT... 





/V 
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; • a r" J- 

mkm 


un i 


& 


1/ K-za 



WmWi 


ENTITY REFERS TO 
A RECOGNIZABLE 
OBJECT IN THE 
ACTUAL WORLP. 


FOR EXAMPLE, WHEN 
EXPORTING FRUIT TO OTHER 
COUNTRIES, FRUIT ANP 
EXPORT PECTINATION CAN BE 
CONSIPEREP ENTITIES. 


& \\. 
\V \ \ \ 










*?*/#»* vV 




EQUEEEAK S 


ANP ASSOCIATING 
AN ENTITY WITH 
ITS PROPERTIES 
RESULTS IN... 




FRUIT 


EXPORT 
PESTI NATION 


PROPUCT COPE 


PfZOPUCT NAME 


UNIT PRICE 


'.0 ‘jm 


EXPORT PEST. OOPE 

- ■ ■' ■ " !■ I 

.. . # » V. 4 . V 

EXPORT 

■ 1 
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YOU HAVE ANALYZE? 
FRUIT AN? EXPORT 
?ESTI NATIONS. 






THEN, WHAT 15 A 
RELATIONSHIP? 


i/irn .. 




IT REFERS TO HOW 
ENTITIES RELATE TO 
EACH OTHER. 



FOR INSTANCE. 


FRUIT AN? EXPORT 
?ESTI NATION ARE 
ASSOCIATE? WITH EACH 
OTHER BECAUSE YOU 
SELL FRUIT TO EXPORT 
?ESTI NATIONS. 






FRUIT IS EXPORTS? 
TO MANY COUNTRIES, 
AN? EACH EXPORT 
?ESTI NATION 
PURCHASES MANY 
KIN?S OF FRUIT. 




FRUIT 



SO WE CAN 
CONSI?ER 
SALES TO 
BE THE 
RELATIONSHIP. 



SALES W 


EXPORT 

PECTINATION 


SQUEEEEAKI! 


HSU 


SH 




mm 
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Che f 
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OFWCOl Y J 




/ 







em\K e 
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[(( fps 
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.Sir 


MANY EXPORT 
?ESTINATIONS (AO ARE 
ASSOCIATE? WITH MANY 
FRUIT (Ml 


FRUIT FROM 
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EXPORT 

■■■ PECTINATION 

I \ l / 


IF YOU THINK 
ABOUT THIS... 
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FRUIT 


SALES 


f EXPORT 
IPESTI NATION 




PROPUCT COPE 


PROPUCT NAME 


UNIT PRICE 


EXPORT PECTINATION 

cove 


EXPORT PECTINATION 
NAME 


v 





& S 




THE RELATIONSHIP IS 
CALLEP MANY-TO-MANY. 


IN THE E-R MOPEL, THE 
NUMBER OF ASSOCIATIONS 
BETWEEN ENTITIES IS 
\ CONSIPEREP. / 



THEN THE 
RELATIONSHIP IS 
ONB-TO-MANy? 


\oW&, 

pAfAltV 




CAIN- 

BRANP 

APPLE 




ANP THEREFORE, 
THIS IS THE ACTUAL 
CONPITION OF THE 
KINOPOM OF KOP. 



FRUIT 




SALES 



.PROPUCT COPE. 


PROPUCT NAME , 


UNIT PRICE 


THE E-R MOPEL 
SHOWS US THE 
ACTUAL CONPITION, 
POESN'T IT? 


•g; EXPORT 



EXPORT PECTINATION 
V COPE y 

EXPORT PECTINATION 
NAME 


YEAH' 


^ O, 


THIS IS HOW THE 
KINOPOM OF KOP'S 
EXPORT BUSINESS 
WORKS' 
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START TO CRFATF A 
PATABASF. 


THAT'S RIOHT' THE 
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ACTUAL CONDITION. 
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THIS IS...A SALES 
REPORT WE CREATE 
WHEN EXPORTING 
FRUIT TO A FORE ION 
COUNTRY. 
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THIS REPORT 
SHOWS THE 
CURRENT STATUS 
OF EXPORT MOST 
CORRECTLY 
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\\ 
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YES/ INPEEP/ SO/ WE 
TAKE ALL THE PATA 
FROM THE REPORT... 


TO CREATE A 
PATABASE TABLE. 






\fr 
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NOT JUST YET. 
FIRST... 




LET'S... 




j, 


O 


<3 













o 



REPORT COPE 

PATE 

1101 

3/5 

1102 

3/7 

1103 

3/8 

1104 

3/10 

1105 

3/12 


EXPORT 
PEET. COPE 


23 


25 


25 


EXPORT 
PEET. NAME 


THE KINOPOM 
OF MINANMI 


ALPHA EMPIRE 

THE KJNOPOM 
OF RITOL 

THE KINOPOM 
OF MINANMI 


THE KJNOPOM 
OF RITOL 


PROPUCT 

COPE 

PROPUCT 

NAME 

UNIT PRICE 

QUANTITY 

lOI 

MELON 

8006 

1,100 

102 

ETRAWEERRY 

1506 

300 

103 

APPLE 

1206 

1,700 , 

104 

LEMON 

2006 

500 

lOI 

MELON 

8006 

2,500 

103 

APPLE 

1206 

2,000 

104 

LEMON 

2006 

700 


a 
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I'M SORRY, BUT YOU CAN'T 
USB IT AS IT IS. 



FOR A RELATIONAL 
DATABASE, YOU HAVE 
TO MAKE THE TABL-E 
AS EASY TO USE AS 
POSSIBLE. 



NOT YET... 


PO YOU MEAN 
THIS TABLE IS 
NOT EASY TO 
UNPERSTANP? 


WELL, YEAH... 



I PON'T 
KNOW. 


YOU SEE, THERE 
ARE TWO ROWS 
OF PROPUCT ITEMS 
IN ONE ROW OF / 
PATA. A 


.v.v.v.v.v. 

mm 

ii 

mm 



THAT'S BECAUSE 
WE SOMETIMES 
PROCESS TWO OR 
MORE PROPUCTS 
USINO ONE SALES 
REPORT. 




' of 


AO^ 








3^ 


o0 o& 












THAT'S 

RIOHT. 










AH... 


IT WOULP BE EASIER 
FOR YOU TO UNPERSTANP 
IF EACH ROW OF THE 
TABLE HAP JUST ONE 

VALUE. ^ 


INPEEP.. 




HMM. 


n 

A \ r 


, l k 
' II I / 



w 
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THIS CAN BE ACHIEVE? 




IT MAY LOOK 
COMPLICATE?, 


MUMBLE 

MUMBLE 


FIGURE OUT 
THE ACTUAL 
GONPITION... 


USING 
AN g-R 
MOPEI— 


BUT IT IS IMPORTANT 
TO MANAOE PATA 
CORRECTLY ANP 
COMPATIBLY. 


a 



' /■ 

1 % 


ANP IT'S 
OUR 
\ JOB. 


/ m 


UH-HUH. 




WHAT?/ I 
WAS JUST 
THINKING. 



WHAT'S 

THE 

MATTER 


y o 
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a ooumf we want 

TO PAIOF THe UNIT 
PPICF OF MFLON 

by zoo. 




A 


2 %A 
upT/ 




r 



if you uoe thio 

TABLF AO IT 10, 


you HAve to 

FINP AUL POWO 
FOP MBUON ANP 
COPPFCT THe UNIT 

ppice. 


m n'9 
7Jf iHERE/ 


8Z0(r 


<<<oV 


HERE, 

TOO... 


node}* 




BUT, IF you HAve 
A TABUe PFLATINO 
ONLy TO PPOPUCTO, 


you can coppfct 
THe ppice in juot ONe 
PL-Aoe-oNe pow in 

THe PPOPUCT TABLF. 


ONLY HERE'/ 


PROPUCT 

TABLE 

/XA 

MFLON 


OTPAWBFPPy 

U0(t 

applf 

1 106* 

LFMON 

100 ff , 


A A 


easy/ 



V 




NO CONFLICT WILL OCCUP, 

eveN if you fopoft to 
coppecT ANy othfp 

POWO'/ 10N'T THAT OPFAT? 


YOU KNOW, UEINO 
A PINOLE TABLE 
MAKEE IT EAEY 
TO FOROET TO 
CORRECT PATA. 


x oee. viewep in 

THIO LIOHT, IT 10 
INCONVFNieNT. 




HUH. 


o 




PIVIPINO THe TABLe 
TO PPeveNT PATA 
CONFLICTO LI ice THIO 
FPOM OCCUPPINO... 



10 CALLFP 
NORMALIZATION. 


NORMALIZATION, 

NORMALIZATION 

MUMBLINO, 

AOAIN? 


HI55 


YEE, THIE IE 
IMPORTANT/ 



0O, WHAT AM I 

ouppooep to 

PO? 




FI POT OF 
ALL... 
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50, I'll PI VI PS IT INTO... 


ONS TABUS’ WITH PATS, 

export pe5ti nation 

COPS, ANP EXPORT 
PE5TI NATION NAMS... 


SALES TABLE CPI RET NORMAL FORM CD) 


REPORT CODE 

DATE 

EXPORT 

PEST. COPE 

EXPORT 
PEST. NAME 

1101 

3/5 

12 

THE KINOPOM 
OF MINANMI 

110Z 

3/7 

23 

ALPHA EMPIRE 

1103 

3/6 

25 

THE KJNOPOM 
OF RITOl 

1104 

3/10 

12 

THE KINOPOM 
OF MINANMI 

1105 

3/12 

25 

THE KINOPOM 
OF RITOL 


ANP ANOTHER TABUS WITH 
PROPUCT COPS, PROPUCT 
NAMS, UNIT PRICE, ANP 

QUANTITY. / 


BUT THS RSPORT 
COPS 15 PROVIPSP 
IN BOTH TABUS5, 
ISN'T IT? 


\ i / 


SALES TABLE CPI RET NORMAL FORM C2D 


REPORT CODE 

PRODUCT 

CODE 

PRODUCT 

NAME 

UNIT 

PRICE 

QUANTITY 

1101 

101 

MELON 

8006 

1,100 

1101 

102 

STRAWBERRY 

1506 

300 

1102 

103 

APPLE 

1206 

1,700 

1103 

104 

LEMON 

2006 

500 

1104 

101 

MELON 

8006 

2,500 

1105 

103 

APPLE 

1206 

2,000 

1105 

104 

LEMON 

2006 

700 


HUH. 


YS5, THAT WAY 
YOU CAN IPSNTIFY 
IP THSRS 15 AN 
A550CIATI0N 
BSTWSSN THS 
TWO TABUS5. 


) 


* l 

wo . 
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THE TABLE THAT RF5LJLT5 

from a pi vision nice 

THI5 15 CALLEP THF 
F/R5T NORMAL FORM. 


FIRST NORMAL 
FORM, FIRST 
\ NORMAL FORM 

^ l/. >/' 


\h 




STOP 
MUMBLING/ 


THF T ABLE THAT 
HA5 ROW5 WITH 
TWO OR MORE 
VALUF5 BEFORE IT 
15 PIVIPFP 15 CALLFP 
THP UNNORMAUZBP 

FORM. 


IT MFAN5 THAT 
THF FIR5T NORMAL 
FORM 15 ORFATFP 
BY PIVIPINO THF 
UNNORMALIZBP FORM 





THE5E ARE THE "FIR5T 
NORMAL FORM6." POES 
THAT MEAN THERE ARE THE 
"5EOONP" ANP "THIRP" 
NORMAL FORM5, TOO? 


BIN 60! 
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WELL THEN, LOOK 
AT THE FIRST 
NORMAL. FORM (Z> 
FIRST. 


HERE YOU . 
ARE. r j 


/r, 


c ^ 


IT'S THE SALES 
STATEMENT TABLE. 



REPORT 

COPE 

PROPUCT 

COPE 

PROPUCT 

NAME 

UNIT 

PRICE 

QUANTITY 

1101 

101 

MELON 

3000 

1,100 

1101 

. 1 

10Z 

STRAW¬ 

BERRY 

1506 

300 i 
1 



SALES STATEMENT TABLE 
CPI RET NORMAL FORM CD) 


m 7 


you CAN'T MANAOE 
PROPUCTS WITH THIS 
TABLE YET. 


NV / 


i / 

11 * 


AI EE// WHY? 


IF YOU RECEIVE 
MANPARIN ORA NOES, 



I'VE 
OOT IT/ 


l\? 



BECAUSE NO SALES 
HAVE BEEN REPORTER 
THF REPORT COPE ANP 
QUANTITY ARE UNKNOWN, 


APPLES WITH SALES 


/ report 
L fggg 

PPOPU^t' 

cope 



QUANTITY 


«Wr 

pRopuEn^^. 


NAME 


IN TABLE C23, PATA 
RELATINO TO 
PROPUCTS ANP 
SALES IS MIXEP. 



OR4N6g$ WITHOUT SALES 


Mc< 


^7* 


Of s 


A 


. 11 
VO 


LN/t 

PR'C£ 


PROPU6T 

COPE 


PROPUCT 1 

NAME 


rN /W 




OOOP JOB/ 
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you CAN'T MANAGE 
PROPUCTS 

INPEPENPENTLy USINCS 
TABLE (Z). 


/// 

f 


HMM. 


TABLE 

CZ) 




THAT'S RIGHT" SO, 



THESE APS THE TABLES THAT 
RESULT FROM PIVIPING THE FIRST 
NORMAL FORM CZ) INTO TWO. 


PROPUCT TABLE 
CSECONP NORMAL FORM CO) 



ROPUCT 

COPE 

PROPUCT 

NAME 

UNIT PRICE 

101 

MELON 

8006 

10Z 

STRAWBERRY 

1506 

103 

APPLE 

1Z06 

104 

LEMON 

Z006 


6ALE5 STATEMENT TABLE 
CSECONP NORMAL FORM CZ)) 


REPORT COUP 

PROPUCT 

iOi T AfciTITV 


COPE 

LxUHN 11 1 7 

1101 

101 

1,100 

1101 

10Z 

300 

110Z 

103 

1,700 

1103 

104 

500 

1104 

101 

Z,500 

1105 

103 

2,000 

1105 

104 

700 
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TABLE (V CONTAINS 
PATA RELATING TO THE 
PROPUCTS. 


IF A VALUE IN THE PROPUCT 
COPE COLUMN IS PETERMINEP, 
WE CAN FINP THE VALUES IN THE 
PROPUCT NAME ANP UNIT PRICE 
, COLUMNS. / 


OH, CEE. 


SO THAT MEANS THE 
PROPUCT COPE, AS 
THE PRIMARy KEY, 
PETERMINES VALUES IN 
OTHER COLUMNS. 


) 

o 


EXACTLY. 

























FOR PATA 
RELATING TO 
SALBS STATBMBNT 
ITBMS IN TABLB C2), 


ANP IN THIS TABLB, 
THB PRIMARY 
KBY PBTBRMINBS 
VALUBS IN OTHBR 
COLUMNS. 





BUT... 


% 




FOR TABLB CZ), CONSIPBR THB 
COMBINATION OF RBPORT 
COPB ANP PROPUCT COPB AS 
A PRIMARY KBY. 




IN SOMB CASBS/ TWO 
KIN PS OF PROPUCTS 
SBLL AT THB SAMB 



THIS MBANS... 


YOU PIVIPB THB TABLB SO 
THAT WHBN A PRIMARY KBY IS 
PBTBRMINBP, VALUBS IN OTHBR 
COLUMNS ARB PBTBRMINBP. 




UNPBRSTANP? 


© 


© 


•.VAy.v 


PRODUCT CODE 
_ NAME 

/primary"^ 


UNIT 

PRICE 


REPORT COPE ^COV^ aUANT,TY 


PRIMARY 
-^KEY v 


I SBB. 
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THF TABLF THAT 
RFSULTS FROM 
PIVISION ACCORPINO 
TO THIS RULF 15 
CALLFP 



THF 5FCONl 7 
NORMAL FORM. 


WF CAN APP THF 
MANPARIN OR ANGFS WF 
WFRF TALKING ABOUT 
FARLIFR TO THF SFCONP 
NORMAL FORM CO. 


WE CAN ALSO APP 
KIWIS ANP <3RAPES, 




> vsa 


t t 

y ’ /»J 

. C7 7 


FVFN IF THF PRICF OF 
MFLON CHANGFS, WF 
JUFT CORRFCT THF 
PATA ON ONF ROW, 
RIGHT? 


WHICH HAVE NOT 
BEEN SOUP YET.' 



...BY THF WAY, YOU 
PIVIPFP THF FIRST 
NORMAL FORM CZ), 



UH? 


FO ISN'T IT NFCFSSARY TO 
PIVIPF THF FIRST NORMAL 
FORM SALFS TABLF CO? 


FLOOMP 



CHECK' 


OH, YOU 
ARE 

WEARING 

CLASSES 

NOW. 


^ r\ 


SALES TABLE 
(FIRST NORMAL FORM CD) 


EXPORT 
PEST, cope 


REPORT COPE 

PATE 

1101 

3/5 

1102 

3/7 

1103 

3/8 

1104 

3/10 

1105 

3/12 


PETER- 

MINEP 


PRIMARY 

KEY 



IF THIS 
VALUE IS 

DETEK- 
. MINEP, _ 


THIE 
VALUE IE 


EXPORT 
PEET. NAME 


THE KINOPOM 
OF MINANMI 


ALPHA EMPIRE 


THE KINOPOM 
OF RITOL 


THE KINOPOM 
OF MINANMI 


THE XI NO POM 
OF RITOL 


PETER- 

MINEP. 


I 


FOR THIS TABLF, IF 
ONF VALUF IN RFPORT COPF IS 
PFTFRMINFP, ALL OTHFR VALUFS IN 
PATF, FXPORT PFSTINATION COPF, 
ANP FXPORT PFSTI NATION NAMF ARF 

PFTFRMINFP. 


COOP POINT/ 


YFAH// 
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WHAT PO YOU CALL A TABLE 
IN WHICH VALUES IN OTHER 
COLUMNS ARE PETERMINEP 
WHEN THE PRIMARY KEY IS 
PETERMINEP? 


THE SECONP NORMAL FORM// 



SO, THIS TABLE IS A 
SECONP NORMAL FORM, 

RIOHT? 


SALES TABLE 
(FIRST NORMAL FORM CO) 





V 




/ 


REPORT COPE PATE 


EXPORT 

pest. cope 


THAT'S RIOHT. YOU CAN 
CONSIPER THE FIRST 
NORMAL FORM CD... 


WE HAVE COMPLETED 
THE FIRST ANP 
SECONP NORMAL 
FORMS/ 



NOW, OUR 
RELATIONAL 
PATABASE IS 
COMPLETE#? 


the seconp 
NORMAL 
\ FORM 15... 



EXPORT 
PEST. NAME 

THE KINOPOM 
OF MINANMI 



SALES TABLE 

(SECONP NORMAL FORM (335 



RE PORT COPE | PAT E^ 


EXPORT 
PEST. COPE 


ALPHA EMPIRE 


THE KINOPOM 
OF RITOL 


AS THE SECONP 
NORMAL FORM (35/ 


EXPORT 
PEST. NAME 

THE KINOPOM 
OF MINANMI 


HAN<5 IN 
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LOOK AT THE SECONP NORMAL 
FORM C3) AGAIN. 


YOU CAN'T MANAGE 
EXPORT PESTINATIONS 
WITH THIS TABLE. 




HUH? 


SALES TABLE 


THINK; 

THINK, 

THINK... 

AH/ 



o a 


SALES TABLE 

CSECONP NORMAL FORM (3)) 




1101 


i 


PATE 

EXPORT 

pest. cope 

EXPORT 

PEST. NAME 

3/5 

12 

THE KIN6POM 

OP MINANMI 

3/7 

23 

ALPHA EMPIRE 

3/6 

25 

THE KIN6POM 

OF RITOL 


THE KINO POM OF SAZANNA, 
TO WHICH NO FRUIT HAS 
BEEN EXPORTER CANNOT BE 
MANAGEP BY APPING IT TO 
THIS TABLE. 


m 




THE 

kinspom 

OF MINANMI 


EXPORT 
PEST. NAME 


'repor- 

COPE 


PATE 


EXPORT 

PEST. 

COPE 


IN TABLE C3), PATA 
RELATING TO EXPORT 
PESTINATIONS ANP 
SALES IS MIXEP. 


LACK b 



THE K.IN6POM 
OF SAZANNA 


EXPORT 

PEST. 

NAME 


EXPORT 

PEST. 

COPE 




HMM 


AGAIN, PIVIPE IT/ 


HOW CAN WE 
MANAGE EXPORT 
PESTI NATIONS 
INPEPENPENTLY? 


SALES TABLE 
CTHIRP NORMAL FORM CO? 


EXPORT DESTINATION TABLE 
CTHIRP NORMAL FORM CZ?? 







THAT'S 

RIGHT... 


REPORT COPE 

PATE 

EXPORT 
PEST. COPE 

1101 

3/5 

1Z 

1102 

3/7 

23 

1103 

3/8 

25 

1104 

3/10 

12 

1105 

3/12 

25 


EXPORT 

PEST. COPE 

EXPORT 

PEST. NAME 

1Z 

THE KINOPOM 

OF MINANMI 

23 

ALPHA EMPIRE 

25 

THE KINOPOM 

OF R1TOI 




































































































IN THE CECONP NORMAL- 
FORM C3X EXPORT 
PECTINATION NAME 1C 
DETERMINED ACCORDING 
TO REPORT CODE. 


BUT IN PACT, 
DETERMINATION 
OF REPORT COPE 
PETE RMIN EC A 
VALUE IN EXPORT 
PECTINATION COPE, 


in 


In 


/ 


( 7 / 




THEREBY 

DETERMINING EXPORT 
PECTINATION NAME 
INPIRECTL-Y 


TO PEAL WITH 
CUCH CONCERNC/ 


r' 








THAT'C RIGHT. A TABLE THAT 
POEC NOT ALLOW ANY NON- 
PRIMARY KEY TO DETERMINE 
VALUEC IN OTHER COLUMNC... 


1C CALLED THE 
TH/RP NORMAL FORMl! 





YOU DIVIDE THE TABLE CO 
THAT NO PART 1C DETERMINED 

INDIRECTLY 


■a&F 


S5S* 


n 


REPORT COVB 

PAJB 

EXPORT 

PEST. COPE 





EXPORT 

PEST. £OPE 

EXPORT 
PEST. NAME 








.O 


\ 


1 




FINALLY, WE'VE 
GOTTEN TO THE 
THIRD NORMAL 
FORM// 


NOW, YOU CAN 
MANAOE EVEN 
THE KIN6I70M. 
OF SAZANNA. 


A 




wi 


if 


,// 


THIKP 
normal 
form 


mm 




\ 


I 




Jig 

mm 



M 



! * i 

4 ■ 


• •• : * '* 

M: i 

xN 





iff: 


• i 


levs Qes\en a pata basbi eq 













SALES TABLE 




REPORT COPE 

PATE | 

EXPORT 

PEST. COPE 

1101 

3/5 

12 

1102 

3/7 

23 

1103 

3/S 

25 

1104 

3/10 

12 

1105 

3/12 

25 


SALES STATEMENT 
TABLE 


REPORT COPE 

PROPUCT 

COPE 

QUANTITY 

1101 

101 

1,100 

1101 

102 

300 

1102 

103 

1,700 

1103 

104 

500 

1104 

101 

2,500 

1105 

103 

2,000 

1105 

104 

700 


EXPORT PESTI NATION 
TABLE 


EXPORT 

PEST. COPE 

EXPORT PESTINATION NAME 

12 

THE KIN6POM OF MINANMI 

- 

23 

ALPHA EMPIRE 

25 

WB KIN6POM OF RITOL 


PROPUCT TABLE 


PROPUCT 

COPE 

PROPUCT 

NAME 

UNIT PRICE 

101 

MELON 

8006 

102 

STRAWBERRY 

1506 

103 

APPLE 

1206 

104 

LEMON 

" — < 

2006 


THSSF ARB THB 
TABUED THAT RESULT 

when you pivipb 

A TABLE UP TO THE 
THIRP NORMAL FORM. 



A RELATIONAL PATABASB 
NORMALLY USES TABLES 
PIVIPEP UP TO THE THIRP 
NORMAL FORM. 



NOW, OUR 
PATABASE TABLE 
IS COMPLETE/ 


‘v \ 


I 


VI 


c> 


UP HISH! 






fl 

01 ) 


\ 


t , \ 


/ "V 

D i 













u 


'CAIN?- * PRINCESS? 












































































NO CONFLICT WILL 
OCCUR EVEN IF YOU 
APP PATA. 








SALES 

STATEMENT 

ta&as 


EXPORT 

p&STINATlON 


TABLE CREATED FROM SALES REPORT 


THI6 TABLE 6HOW6 
RELATION6HIP6 
BETWEEN PATA. 


EXACTLY/ IT 16 
RELATIONAL. 


THOUOH WE PIVIPEP THE 
ORIGINAL TABLE INTO MANY 
APPITIONAL TABLED 


THE ORIGINAL PATA 16 
INCLUPEP IN ALL OF THE 

TABLE6. 


NOW, YOU CAN MANAOE 
PROPUCT6, EXPORT 
PE6TINATION6, ANP 6ALE6 
ON A TABLE-BY-TABLE 

BA6I6, 


60 YOU CAN MANAOE 
THEM WITHOUT ANY 
PROBLEM. 
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TA3U6 < 



REPORT COPE 





EXPORT 
PEST. COPE 


THE EXPORT PECTINATION 
COPE IN THE CALEC TABLE 
REFERC TO THE EXPORT 
PECTINATION COPE IN THE 
EXPORT PECTINATION TABLE. 


SALE* statement 


REFERS 
TO- 


EXPORT if| 
PECTINATION TABLE 



EXPORT 
PEST. COPE 


XRORl PESTIXAT OH NAME 


12 


23 


THE XINOPOM PF > W jf 


ALPHA EMPIRE; 


THE KINOPOM OF 


IN THE CAME MANNER, THE 
PROPUCT COPE IN THE CALEC 
CTATEMENT TABLE REFERC TO 
THE PROPUCT COPE IN THE 
PROPUCT TABLE, 




fa 


% 

% 

% 


REPORT COPE 


III* 


Hill 


— 

|||i| 

1105 

III! 


PROPUCT 

COPE 


1 0^. 


111 ! 


11| 

1 or 

mi 

III 


QUANTITY 



^S| | 


(I Too 


||§§ 

il IP 


PROPUCT TABLE 


PKOPUCT 

COVB 

| PROPUCT 

1 NAME 

10 1 

PT 


MS 


STRAWBERRY 


ANP THE REPORT COPE IN THE 
CALEC CTATEMENT TABLE REFERC 
TO THE REPORT COPE IN THE 
CALEC TABLE. 


Ipli 


IgM 

VIOV 

\oo c 




THE REFERRING 
COLUMN 1C CALLEP A 
FOREIGN KEY. 


THE FOREION KEY 
REFERC TO THE 
PRIMARY KEY IN 
OTHER TABLEC. 




nrc. 

zeiduondi 

l7dZd.3d.ee 


J \ 


VS 


WE'RE... 


THEY CEEM LIKE 
CEPARATE ANP 
INPEPENPENT TABLEC, 
BUT THEY ARE PEEPLY 
LINfcEP BY FOREION 
KEYC. 


MU 

' •• -l-' •• •• \ \ - \:X v 'A • 




ALMOST... 

THBZB... 
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IS SOMETHING 
WRONG? 




YOU TWO HAVE SEEN 
ACTING WEIRP. 


OH/ LISTEN... 
X CAN EXPLAIN 


WHAT'S THE 
MATTER WITH 
VOU? _ . 


YOU PIPN'T 
TEUL THE 
PRINCESS 
SOMETHING 
STRANOE, 

pip you, 

MR. CAIN? 


ME? OF 
COURSE 
, NOT. 


CAIN 


mr 


I CAN HARPLy WAIT 
TO MAKE EXPORT 
MANAGEMENT RUN MORE 
SMOOTHLy USING OUR 
PATABASE. 


TiXSP 


) 




















u/aa.z te zm a-R movei? 



Princess Ruruna and Cain have figured out the actual condition of the Kingdom of Kod using 
an E-R (entity-relationship) model. When you try to create a database yourself, the first step 
is to determine the conditions of the data you are trying to model. 

Using the E-R model, try to define an entity in your data. An entity is a real-world 
object or "thing," such as fruit or export destination. 

In addition, an E-R model shows the relationship between entities. Princess Ruruna 
and Cain performed their analysis on the assumption that there was a relationship called 
sales between fruit and export destination. Fruit is exported to multiple export destina¬ 
tions. while each export destination also imports multiple kinds of fruit. For this reason, an 
analysis was made for the E-R model assuming that there was a relationship called many- 
to-many between fruit and export destinations. M fruit have a relationship with N export 
destinations. The number of associations between entities is called cardinality. 



fiow to amie,ze one a-R movei 


Flow would you perform analyses in the cases below? Think about it. 


CASE 1: ONE-TO-ONE RELATIONSHIP 

One export destination manages one piece of export history information. This kind of rela¬ 
tionship is called a one-to-one relationship. 






EXPORT 

PECTINATION 

INFORMATION 
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£ASE Z: ONE-TOMANY RELATIONSHIP 

Multiple servants serve one princess. The servants do not serve any other princess or even 
the king. 




This kind of relationship is called a one-to-many relationship. 


CASE 3: MANy-TOMANY RELATIONSHIP 

Fruit is exported to multiple export destinations. The export destinations import multiple 
kinds of fruit. 






THE KINGDOM 
OF MINANMI 


ALPHA 

EMPIRE 


the kingd OM 

OF RITOL 



This kind of relationship is called a many-to-many relationship. 
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QUESTIONS 

How well do you understand the E-R model? Analyze and draw an E-R model for each of 
the cases below. The answers are on page 82. 

Q1 

One staff member manages multiple customers. One customer will never be contacted 
by more than one staff member. 




— 

THE KIN6C70M 

ALPHA 

S— -- ■ ----- 

THE KINCOOM 

OF MINANMI 

- 

EMPIRE 

OF KIT OL 

- ^ 


Q2 

One person can check out multiple books. Books can be checked out to multiple 
students at different times. 
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Q3 


Each student attends multiple lectures. Each lecture is attended by multiple students. 
One teacher gives multiple lectures. Each lecture is given by one teacher. 



Q4 


Each customer can open multiple deposit accounts. Each deposit account is opened by 
one customer. Each bank manages multiple deposit accounts. Each deposit account is 
managed by one bank. 



Keep in mind that E-R model-based analysis does not necessarily produce one "correct'’ 
result. There can be many ways to logically organize data to reflect real-world conditions. 
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nows auzm a uavie 



Princess Ruruna and Cain learned about normalization, the process of tabulating data from 
the real world for a relational database. It is necessary to normalize data in order to prop¬ 
erly manage a relational database. Normalization is summarized here (the shaded fields are 
primary keys). 


UNNORMALIZEP FORM 


Report 

Date 

Export 

Export 

Product 

Product 

Unit 

Quantity 

code 


destination 

destination 

code 

name 

price 




code 

name 






FIRST NORMAL- FORM 


Report code 

Date Export destination code 

Export destination name 






Report code 

Product code | Product name 

Unit price 

Quantity . 



btCO NP NORMAL FORM 


Report code 

Date 

Export destination code 

Export destination name 


Report code 


Product code 


Quantity 


Product code Product name Unit price 


THIRP NORMAL FORM 


Report code Date 


Export destination code 


Export destination code Export destination name 


Report code Product code 


Quantity 



Product name Unit price 
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The unnormalized form is a table in which items that appear more than once have not 
been removed. We’ve seen that you cannot manage data well using this kind of table for a 
relational database. Consequently, you need to divide the table. 

The first normal form refers to a simple, two-dimensional table resulting from division 
of the original, unnormalized table. You can consider it to be a table with one item in each 
cell. The table is divided so that no items will appear more than once. 

The second normal form refers to a table in which a key that can identify data deter¬ 
mines values in other columns. Here, it is the primary key that determines values in other 
columns. 

In a relational database, a value is called functionally dependent if that value deter¬ 
mines values in other columns. In the second normal form, the table is divided so that 
values in other columns are functionally dependent on the primary key. 

In the third normal form, a table is divided so that a value is not determined by any 
non-primary key. In a relational database, a value is called transitively dependent if that 
value determines values in other columns indirectly, which is part of functionally dependent 
operation In the third normal form, the table is divided so that transitively dependent values 
are removed. 



QUESTIONS 

It is important to be able to design a relational database table for various situations, so let's 
look at some examples of normalizing tables. Determine how the table was normalized in 
each of the cases below. The answers are on page 82. 

Q5 

The following table manages book lending like the example in Q2. To what stage is it 
normalized? 


Lending 

Date 

Student 

Student 

Student 

Department 

Entrance 

code 


code 

name 

address 


year 


ISBN 

Book name 

Author name 

Publication date 

Total page count 


Lending code ISBN Quantity 
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Q6 


The following table also shows a book lending situation. To what stage is it normalized? 


Lending code Date Student code 


Student code 

Student name 

Student address 

Department 

Entrance year 


ISBN 

Book name 

Author name 

Publication date 

Total page count 



Q7 


The following table shows monthly sales for each staff member. Each department has 
multiple staff members. A staff member can only be part of one department. Normalize 
this table to the third normal form. 


Staff 

Staff 

Month 

Member's 

Department 

Department 

member 

code 

member 

name 


sales 

code 

name 



Q8 

The following table represents an order-receiving system. Normalize it to the third 
normal form. However, process one customer per order-taking code. You can process 
multiple products based on one order-taking code. In addition, one order-taking code 
should correspond to only one representative. 


Order¬ 

Date 

Customer j 

Customer 

Product 

Product 

Unit 

Represen¬ 

Represen¬ 

Quantity 

taking 

code 


code 

name 

code 

name 

price 

tative code 

tative name 
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Q9 


The following table represents an order-receiving system. Normalize it to the third 
normal form. Assume that products are classified by product code. 


Order¬ 

Date 

Customer 

Customer 

Product 

Product 

Unit 

Product 

Product 

Quantity 

taking 


code 

name 

code 

name 

price 

classification 

classification 


code 







code 

name 



6ze?e for pee\ama a DataBase 


You have learned how to design a database! However, you have to do more than just 
that. You need to design a detailed file structure inside the database and devise methods 
for importing and exporting data. In general, you can divide the whole database design into 
three parts: conceptual schema, internal schema, and external schema. 

The conceptual schema refers to a method that models the actual world. Namely, it is 
a way to determine the logical structure of a database. The conceptual schema is designed 
taking into consideration an E-R model-based understanding of the actual world and nor¬ 
malization of a table. 

The internal schema refers to a database viewed from the inside of a computer, 

Namely, it is a way to determine the physical structure of a database. The internal schema is 
designed after creating a method to search the database at high speed. 

The external schema refers to a database as viewed by users or applications. The 
external schema is designed after creating data required for application programs. 



INTERNAL SCHEMA 


CONCEPTUAL SCHEMA 


EXTERNAL SCHEMA 


Princess Ruruna and Cam have designed a database with a focus on the conceptual 
schema in this chapter. They are in the midst of improving the database. 

Now that you've completed the basic design of a database, we'll go straight to using the 
database in the next chapter. 


^uwmasy 

An E-R model is used to analyze entities and relationships. 

Relationships between entities can be one-to-one, one-to-many, and many-to-many. 
The data in a table must be normalized before you can use it to create a relational 
database. 

The design of a database can be divided into three types: conceptual schema, internal 
schema, and external schema. 
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jnswess 


Q1 



Q2 



Q3 



Q4 



Q5 Second normal form 
Q6 Third normal form 

Q7 

Staff member code j Month | Member's sales 

Staff member code I Staff member name I Department code 


Department code Department name 
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Q8 


Order-taking code 

Date 

Customer code 

Representative code 


Customer code Customer name 


Order-taking code Product code Quantity 


Product code Product name Unit price 


Representative code Representative name 


Order-taking code Date Customer code 


Customer code Customer name 


Order-taking code Product code Quantity 


Product code 

Product classification code 

Product name 

Unit price ( 


Product classification code Product classification name 
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PE5I<3NIN<3 A DATABASE 

In this chapter, you learned how to design a relational database. However, there are 
other database design methods. Usability and efficiency of a database depend on an 
analysis and design method. Therefore, it is important to create an appropriate data¬ 
base in the design stage. 

In the database design stage, you need to perform various tasks in addition to 
table design. For example, you need to consider a datatype to use in the table. You 
may also need to specify columns indicating numerical values, currencies, and charac¬ 
ter strings. In addition, you need to devise a search method so you can carry out fast 
searches. Sometimes, you must create a design while keeping physical file organization 
in mind. And you have to control which users can access the database to ensure secu¬ 
rity. There are many factors you need to think about when designing a database. We'll 
look at some of these factors in the following chapters. 
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4 

Levs Lem) avowz ecsL! 



HA, HA, HA! 














YOU KNOW WHAT, CAIN? 
you SHOULP JUST STAy 
IN THE CASTLE IF ALL 
yOU'RE OOINO TO PO 
IS ysui AT ME/ 


f meezei 




■ A 


B...BUT... 


HUFF! 


m 


ms THE 
ATTENPANTS JOB 
TO FOLLOW THE 
PRINCESS' 



$ 




'Uhl 


OF f&POmUJTY! 


yOU FOLLOW ME 
BECAUSE IT'S yOUR 
PUTy? 

I THOUGHT YOU V 
FOLLOWEP ME 

because you yV 

ARE My FRIENP. / ^ 


WELL. 



LET ME 





x founp you, 

PRINCESS RURUNA'/ 


M 


w'w/r"/ 


vf/''/'. 



OUARP CAPTAIN 
I...IOOR...' 








7 


'£1 
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RURUNA, YOU 
HAVE OONE 
TOO FAR. 





NO, you PONT 

UNPERSTANP...// 


its m y fault... 

I CONVINCEP 
PRINCES RURUNA 
TO LEAVE THE 
CASTLE....'/ 








r> 







CAIN HAS TAKEN 
CARE OF ME... 


SINCE I WAS 
A CHILP. 





// / ✓ 
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WHAT'S THE 
MATTER WITH 
YOU? 



OH, NO, NO... 




o 




NOTHINO'J 


WHAT'S THE 
MATTER WITH 
ME... 



_ prince 
PAMIness... 




» 20 vN\ett 


^ N&&H 


L 




CMHll LET'S <30 IN 
THIS CAF£. 




LET'S STUtTY 
DATABASES HERE 
FOR A WHILE. 















HERE I A Mi 


o 


eo, we've ootten 

TO THE POINT WHERE 
WE CAN PEEION A 
PATABAEE. 




THERE YOU 
ARE/' 


IT'S REFRESHING 
OUTSIPE. 






you coulp 

EAy THAT. 



THE NEXT THINO TO 
PO IE TO ETUPy HOW 
TO UEE THE PATAEAEE 
WE CREATEP. 


FINALLY.. 


HIP, HIP 


HURRAY' 




\ 



3 $ 


D 


WHEN you UEE THE 
PATAEAEE, yOU HAVE 
TO INPUT PATA OR 
RETRIEVE PATA, AE 
yOU AUREAPy KNOW. 


TO PO THAT, 
WE'LL UEE EQL. 




BQUBAL?? 



HEE 
H EE! 


IT SOUNPS 
PIFFICULT... 
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FOR EXAMPLE, 
WHEN YOU HAVE A 
CONVERSATION IN 
THE SWIMMy REOION 
ACROSS THE SEA, 


yOU NEEP TO 

speak swi/vwy 

LANOUAOE. 




oh, you i 
speak ' 

SWIMMY I 

LAN6UA6E. 

^ _ 

/'SF^ISH, 
SPLASH. 




IN THE SAME 
/MANNER, yOU USE A 
LANOUAOE CALLEP 
ETRUCTUREP QUERY 
LAN&UA&E CEQL) 


TO HAVE A 
CONVERSATION 
WITH A 
PATABASE. 


\ I ' 


\ i / 




THAT'S OR EAT// 


r ®%£> 

9 


t£b® ! 




SALES TABLE 


SALES STATEMENT 
TABLE 


REPORT COPE 

PROPUCT 

COPE 

1101 

ioi 


1101 

1102 

1103 

1104 

1105 
1105 


102 

103 

104 
101 

103 

104 


'QUANTITY 


1,100 


300 

1,700 

500 

2,500 

2,000 

700 


1///A 


THE PATABASE POES 
NOT REALLY SPEAK, 
YOU UNPEKSTANP?^ 


REPORT COPE 

U^L 

-—» 

EXPORT 

PESTIMATION COPE 

1101 

7 x 

3/5 

12 

1102 

3/7 

23 

1103 

3/S 

25 

1104 

3/10 

12 

1105 

3/12 

25 


OF COURSE, I N 
KNOW THAT t 



EXPORT PECTINATION 
TABUE 



EXPORT 

PEST1 NATION COPE 

I EXPORT PESTINATION NAME 

12 

THE KINOPOM OF MINANMI 

23 

ALPHA EMPIRE 

25 

THE KINOPOM OF RITOL 




PRODUCT TABU 


PROPUCT 


mm 



101 


102 


103 


104 


MELON 


STRAWBERRY 


APPLE 


LEMON 


UNIT PRICE 


8006 


1500 


1200 


2000 


you PESIONEP THESE 
KIN PS OF TABLES 
THE OTHER PAy. 
REMEMBER? 
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BUT NOW, YOU NEEP TO 
use SQL TO PUT THESE 
TABLES ANP PATA INTO THE 

PATABASE. 



BY USIN<3 SQL, yOU CAN 
HAVE A CONVERSATION 
WITH THE PATABASE TO PO 

tasks nice THESE... 


rr 50UNC75 LIKE WE 
CAN VO ALL 50RT5 
OF THIN05'/ 


D 


lNp u r 




BUT...IT SEEMS 
LIKE IT WOULP BE 
A LOT OF WORK. 




NO PROBLEM, 


WE HAVE LEARNEP 
SO MUCH 
ALREAPy/ 



WELL...THAT'S TRUE... 
ANP I WANT TO USE A 
PATABASE AS SOON 
AS POSSIBLE. 


/ / 


7 




r 


a 
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eeaftcma for ^aca ue mg a eeuecv etzzewenz 


WE NEEP TO RETRIEVE 
ONLY PROPUCT NAMES TO 
CREATE A PRODUCT NAME 
LIST USINO SQL. 


HOW PO YOU PO 
THAT? 


' ' -I 



JUST ASK THE 
PATABASE TO RETRIEVE 
THE PROPUCT NAME 
COLUMN... 


FROM THE 
PROPUCT TABLE. 


MR. DATABASE... 


PLEASE, 


a 


PLEASE RETRIEVE THE 
PROPUCT NAME COLUMN... 


YOU'P WRITE 
THIS: 




YOU PONT NEEP TO 
FRAY! JUST USE SQL... 


SELECT productname 
FROM product; 


A 


IN SQL/ ONE 

CONVERSATION IS CALLEP 
A STATEMENT. 


THIS SQL STATEMENT 
CONSISTS OF TWO 
OROUPS OF WORPS: 
SELECT PROPUCT_HAME ANP 
FROM PROPUCT. 
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These groups of worpe are 

CALLEP PHRASES. 


in SQL, you specify a column 

NAME you WANT TO RETRIEVE 
WITH THE EEL EOT PHRAEE ANP THE 
TABLE NAME FROM WHICH YOU 
WANT TO RETRIEVE IT WITH THE 

FROM PHRAEE. 



HERE IE THE RETRIEVEP 

PATA. 


$ 


C7 


THIE ALIOWE YOU TO 
RETRIEVE ALL PROPUCT 
NAMEE FROM THE 
PROPUCT TABLE. 


here you n 

ARE' 


PROPUCT NAME 


MELON 


ETRAWBERRY 


APPLE 


LEMON 


WE ARE H AVI NO A 
CONVEREATION WITH A 
PATABAEE UEINO EQL. 


% 


C7 


' THAT'E RIOHT. 
YOU CAN RETRIEVE 
NECEEEARY 
PATA BY UEINO 
VARIOUE WNPE 
OF PHRAEEE. 



VARIOUE 
WNPE... 
HMM. 



WELL 
THEN, FOR 
EXAMPLE, 



WHAT ABOUT AEKINO 
FOR A LIET OF 
PROPUCTE WHOEE 
UNIT PRICE IE 
OREATER THAN OR 
EQUAL TO ZOOS? 
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IN THAT CASE, YOU 
PONT WANT ALL THE 
PROPUCT PATA. 


YOU ONLY NEEP 
TO RETRIEVE 
PROPUCT5 WH05E 
UNIT PRICE 15 
GREATER THAN OR 
EQUAL- TO 2000. 


YE5, OF 
COUR5E. 



IN 5UCH CA5E5, YOU 
5PECIFY CONPITION5 
WITH THE WHERE 
PHRA5E. 

FOR EXAMPLE, 


Jv\^ 



WHERE unit_price>=200 



IT 15 INCONVENIENT 
TO 5PECIFY A 
COLUMN NAME EACH 
TIME, I5NT IT? 


NO PROBLEM/ 
TO 5PECIFY ALL 
COLUMN5, 


IT'S A 
PAIN/ 


$ 


HMM. 





k M 


YOU CAN U5E *1 
IT CAN BE 5UMMARIZEP 
A5 FOLLOW5. 


THI5 5TATEMENT 
RETRIEVE5 ALL THE PATA 
FROM THE PROPUCT 
TABLE... 


HERE YOU 
ARE' 


SELECT * 


FROM product 


WHERE unit price>=200 


PRODUCTS THAT COS T 
2006 OR MORE 


PROPUCT 

COPE 

PROPUCT 

NAME 

UNIT PRICE 

101 

MELON 

0006 

104 

LEMON 

2006 


50, 


V 


^ THAT HA5 A ^ 
UNIT PRICE OF 
OREATER THAN OR 
EQUAL TO 2000. 




\\ 

























SO, IF you CHANOE 
THE CONDITIONS, 
YOU CAN RETRIEVE 
PRODUCTS WHOSE 
UNIT PRICE IS EELOW 
2006. 


NOW WE NFFD TO 
LEARN HOW TO MAKE 
CONDITIONS. 



a 




THFN, WHAT DO yOU DO 
TO RETRIEVE APPLE, 
FOR EXAMPLE? 


SELECT * 


FROM product 



WRITF IT LIKE THIS. WHFN 
USINO CHARACTERS AS 
A CONDITION, ENCLOSE 
THEM WITHIN QUOTATION 
MARKS CO. 


WHERE product_name='apple'; 


PROPUCT 

COPE 

PROPUCT 

NAME 

UNIT 

PRICE 

103 

APPLE 

1Z00 


IF you DO THIS, 
you CAN RETRIEVE 
APPLE. 





EXACTLX 
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WHAT PO YOU 
VO IN THAT 




you COMBINE THE 
WORP LIKE WITH A 
SYMBOL. 


EXPRESS THE UNKNOWN 
PART USINO %, UKE THIS... 




THIS Wl U RETRIEVE 
PROPUCT NAMES THAT 
ENP WITH /V. 


SELECT * 


FROM product 


MBIO* 


lemon 



WHERE product_name LIKE '%n'; 


PROPUCT 

COPE 

PROPUCT 

NAME 

UNIT 

PRICE 

lOI 

MELON 

8006 

104 

LEMON 

2006 


MELON ANP LEMON 
ARE RETRIEVEP UKE 
THAT/ 


d> 0 

0 9 


9 


>0 


0 


9 



9 0 q 
9 0 

ISN'T IT? 


O 


o 


0 



THAT'S CONVENIENT/ 



^ 0 


0 
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ueinc a&GPB6dsce functions 


you CAN ALSO SORT 
RBTRIBVBP RBSULTS 
WITH AN ORDER BY 
PH PASS. 


TO SORT PROPUCTS IN 
ORPBR OF ASCBNPINO 
PRICB, APP A STATEMENT 
LIKE 44V/7* 

PRICE. 


you CAN FINP OUT 
INFORMATION ABOUT 

propucts By POINO 

THIS. 


m 


SELECT * 

FROM product 

WHERE productname LIKE 

ORDER BY unit_price; 


' %n'; 


THAT'S 

OREAT/J 





PROPUCT 

cope 


\ V 


PROPUCT 

NAME 


UNIT 

PRICE 


103 

APPLE 

1200 

10Z 

STRAWBERRY 

1500 


I WANT TO 
KNOW MORS 
ABOUT SQL; 
Tl CO! 



il'' 

O 



OH, RBALLy? 



I'M OLAP. 



IN THB SEIBCT PHRASF, USB 
AVC CCOLUMN NAMB) TO 
OBTAIN THB AVBRAOB OF 
BACH ROW. 



IT'S AMAZINO. 


AVBRAOB UNIT PRICB 
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thfrf are- many thincs 

I PONT KNOW ABOUT, 
FVFN THOU<3H THEY 
ARB HAPPENING IN MY 
COUNTRY. 



5QL ALSO HA5 A 
FUNCTION THAT 
A<3<3RF<3ATF5 THF 
RFTRIFVFP PATA 
VALUF5. 




THF NUMFFR OF ITFM5, 
5UM, AVFRAOF, MAXIMUM 
VAUUF, ANP MINIMUM 
VALUF CAN FF OFTAINFP 
FY FPFCIFYINO AN 
A<3<3RF<3ATF FUNCTION. 


A<5<5RE<3ATE FUNCTIONS IN SQL 


Function Description 


C0UNT(*) 

Obtains 

COUNT(column_name) 

Obtains 

COUNT(DISTINCT column_name) 

Obtains 

SUM(column_name) 

Obtains 

AVG(column_name) 

Obtains 

MAX(column_name) 

Obtains 

MIN(column name) 

Obtains 


the number of rows 

the number of times the column is not null 
the number of distinct values in the column 
the sum of the column's values in all rows 
the average of the column's values in all rows 
the maximum value of the column 
the minimum value of the column 








CAN I FINP HOW 
MANY KINPS OF 
FRUIT WE SELL? 


USF COUNT/ 


WHAT PO YOU 
PO TO FINP THE 
PROPUCT WITH THE 
HIOHEST PRICE? 


USE MAX/ 



\ 


. I 5HOVE, 
» 1 SHOVE... 


\ 


Count 





\ 


v / 5HOVE, 
\ 1 SHOVE... 


\ 





SQL ALLOWS YOU 
TO AOCREOATE 
PATA/ SO you CAN 
FINP OUT LOTS OF 
INFORMATION. 



YOU CAN ALSO OROUP 
PATA FOR FURTHER 
MANIPULATION OR 
ANALYSIS. 
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jo\m& r&biee 


TO CRE ATE A SALES REPORT, 
YOU HAVE TO RETRIEVE PATA 
By JOINING THE PROPUCT 
TABLE ANP THE EXPORT 
PESTINATION, SALES, ANP 
SALES STATEMENT TABLES. 


UH-OH.' 


V 


«*0t**T 


(( 


SAt.Es 

^tbaievt 


b 


EXPORT 
[DESTINATION 


RIOHT. THERE 
WAS JUST ONE 
TABLE BEFORE 
NORMALIZATION. 


IN ORPER TO JOIN 
TABLES, SQL REQUIRES 
A CONPITION THAT... 


THE PRIMARY KEy IS EQUAL 
TO THE FOREION ICEy 
WHICH REFERS TO THE 
PRIMARy KEY 


how can you 

SPECIFy THAT? 


V 1 


'// 


K'sa 




K. 


ex**”, 

pg^TlNATlON 






B r 


V 


JOIN TABLES By 
PLACING A COMMA 
BETWEEN THEM. 



IF THE SAME COLUMN 
NAME APPEARS IN MULTIPLE 
TABLES, JUST SPECIFy IT 
AS TABLEJJAME.COLUMN_ 

NAME. 


O 


SELECT sales.report_code, date, sales.export_destination_code, 
exportdestinationname, sales_statement.product_code, 
product_name, unit_price, exportdestination 

FROM sales, sales_statement, product, export_destination 

WHERE sales.reportcode = sales_statement.report_code 
AND 

sales_statement.product_code = product.productcode 
AND 

exportdestination.export_destination_code = 
sales.export_destination_code 


H AVI NO JOINEP 
THESE FOUR TABLES, 
WE THEN RESTRICT 
OUR RESULTS USINO 
WHERE. 
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REPORT COPE 

PATE 

EXPORT 
PE5T. COPE 

EXPORT 
PE5T. NAME 

PROPUCT 

COPE 

PROPUCT 

NAME 

UNIT 

PRICE 

QUANTITY 

1101 

3/5 

1Z 

THE KIN6POM 
OF MINANMI 

lOI 

MELON 

8000 

1,100 

1101 

3/5 

1Z 

THE KINOPOM 
OF MINANMI 

10Z 

ETRAWEERRV 

1500 

300 

110Z 

3/7 

Z3 

ALPHA EMPIRE 

103 

APPLE 

1ZOO 

1,700 

1103 

3/8 

Z5 

THE KINOPOM 
OF RITOL 

104 

LEMON 

ZOOO 

500 

1104 

3/10 

1Z 

THE K.INOPOM 
OF MINANMI 

lOI 

MELON 

8000 

Z,500 

1105 

3/1Z 

Z5 

THE KJNOPOM 
OF RITOL 

103 

APPLE 

1ZOO 

Z,000 

1105 

3/1Z 

Z5 

THE KINOPOM 
OF RITOL 

104 

LEMON 

ZOOO 

700 


THIS IS THS SAMS AS THS 
TABLS WS HAVS 3SSN USING. 
WS RSCRSATSP m 


you CAN RSTRISVS pata relating 

TO THE SALES REPORT EVEN IF 
you MANAGE PRODUCTS/ EXPORT 
PESTI NATIONS/ ANP SALES 
INPEPENPENTLX 



































































cneaa y)g a ra vie 


NOW I REMEMBER. 

you MAPS THIS 
TABLE USINO SQL, 
RIOHT T1CO? 


so YOU HAVE 
ALREAPY INPUT A 
TABLE ANP PATA, 
RIOHT? 



y p v i so** 





111 ! 


THAT'S RIOHT. 




you use a crbatb tablb 

STATEMENT TO MAKE A 

TABLE. 


\\\V'S \ 

\W 


CREATE TABLE product 

( 

product_code int NOT NULL, 
product_name varchar(255), 
unit_price int, 

PRIMARY KEY(product_code) 

); 


/ you MUST SPECIFy THE x 
PRIMARy KEy, AS WELL. 

I USEP THE PROPUCT COPE 

as a PRiMARy Key.’ 

WE'VE ALSO SET THE 
v PATATyPE OF EACH / 
> COLUMN, you CAN SEE < 

/ THAT PROPUCT ANP UNIT_ \ 
PRICE ARE INTEGERS CIND. 
VARCHAR MEANS THAT THE 
PATABASE EXPECTS TEXT, 

ANP (255) LIMITS THE , 
\ PROPUCT_NAME TO ZS5 A 
V CHARACTERS. ^ 




LIKE THIS... 



THIS PREVENTS yOU 
FROM ENTERING 
INCORRECT 
VALUES. 


SEE PAOE 115 FOR A COMPLETE EXPLANATION OF CREATE TABLE STATEMENTS. 
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NOW we CAN INPUT 
PATA IN THe TABUe we 
azePJBV, PIOHT? 




PROPUCT 

PROPUCT 

UNIT 

COPE 

NAME 

PRICE 



1 


THAT'S PIOHT. 


you use AN INSERT 
STATeMeNT TO APP 
PATA. 







In 


£?*> 




INSERT INTO product (product_code,product_name,unit_price) 


VALUES ( 101 ,'melon',800); 


you cm also peueTe 
cpeteTe STATeMeNt) 

ANP UPPATe CUPPATe 
STATeMeNT} THe PATA. 


* 



PROPUCT COPE PROPUCT NAME UNIT PRICE 



MELON 


8006 


melon was iNseprrep 

IN THe PPOPUCT TABLe 
nice THIS. 


ANP THe UNIT PPICe 
OF A PPOPUCT CAN 

ee coppeorep 

USINO SQL. 
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s 




YOU MAY BE ABLE 
TO MANAOE FRUIT 
EXPORTS USINO A 
PATABASE. 


SELECT STATEMENTS 
ARE THE MOST 
IMPORTANT PART OF 
SQL. SO STUPY HARP. 




LET'S 60 BACK 
TO THE CASTLE 
BEFORE IT OETS 
PARK, 


v\ 


% V 


HURRY 

LEA’ 




THERE IE A 
LON<3 WAY // 
\T0<5>0... , 


I WILL 


y 


IF YOU CAN FULLY 
UTILIZE SQL, YOU 
MAY BE ABLE 
TO MANA6E 
PATABASES... 


OR ELSE I'LL 6ET 
YELLEP AT BY 6UARP 
CAPTAIN IOOR AOAIN. 


THAT OLP 
BULLY... 


AW 



MAYBE... 


CAIN// 




VXVAV/. 

W»XvXv 
:*»>:•: 


I-::::-:-:-:-:::-:-;-:-; 


:<<<<< 


A 




Q 


OKAY, 
LET'S 60. 


U 


a 


(• 



1 


OH PEAR, LOOK 
AT THE TIME/ 






K: (I 







































6QL OV6RVI6W 



In this chapter. Princess Ruruna and Cain learned about SQL. or Structured Query Lan¬ 
guage. a language used to operate a relational database. SQL's commands can be broken 
down into three distinct types: 

Data Definition Language (DDL) Creates a table 

Data Manipulation Language (DML) Inputs and retrieves data 

Data Control Language (DCL) Manages user access 


SQL has commands that create the framework of a database, and a command that 
creates a table within a database. You can use this language to change and delete a table 
as well. The database language that has these functions is called the Data Definition Lan¬ 
guage (DDL). 

SQL also has commands that manipulate data in a database, such as inserting, 
deleting, and updating data. It also has a command that allows you to search for data. The 
database language with these functions is called the Data Manipulation Language (DML). 

In addition, SQL offers the capability to control a database, so that data conflicts will not 
occur even if multiple people use the database at the same time. The database language 
associated with these functions is called the Data Control Language (DCL). 


eeencam for ue\n& a eeLecc ec&cewenz 


Princess Ruruna and Cam started learning SQL by using a basic data search function. SQL 
searches for data when one statement (a combination of phrases) is input. To search for a 
certain product with a unit price of 200G. for example, you would use the following SQL 
statement. 


SELECT * 

FROM product 
WHERE unit_price=200 


Create an SQL statement 
by combining phrases. 


A SELECT statement is the most basic SQL statement. It specifies which column, from 
which table (FROM), and matching which conditions (WHERE). You can combine these 
phrases to make intuitive, query-type statements in SQL—even a user unfamiliar with 
databases can use them to search for data. 
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Cam said earlier, "Now we need to learn how to make conditions." Let's look at some ways to 
create conditions using SQL 

COMPARISON OPERATORS 

One way to express conditions is by using comparison operators like >= and =. For example, 
the condition "A is greater than or equal to B" is expressed using >=. and the condition "A is 
equal to B" is expressed using =. More examples of comparison operators are shown in the 
table below. 


COMPARISON OPERATORS 


Comparison 

operator 

Description 

Example 

Description of example 

A = B 

A is equal to B. 

unit_price=200 

Unit price is 200G. 

A > B 

A is greater than B. 

unit_price>200 

Unit price is greater than 200G. 

A >= B 

A is greater than or equal 
to B. 

unit_price >=200 

Unit price is greater than or equal to 
200G. 

A < B 

A is less than B. 

unit_price<200 

Unit price is less than 200G. 

A <= B 

A is less than or equal 
to B. 

unit_price <=200 

Unit price is less than or equal to 200G. 

A <> B 

A is not equal to B. 

unit_price<>200 

Unit price is not 200G. 


LOOICAL OPERATORS 

In some cases, you need to express conditions that are more complex than simple com¬ 
parisons. You can use logical operators {AND. OR. and NOT) to combine operator-based 
conditions and create more complicated conditions, as shown in the table below. 


LOGICAL OPERATORS 


Logical operator 

Description 

Example 

Description of example 

AND 

A and B 

Product code >= 200 
AND unit price = 100 

The product code is greater than or equal 
to 200 and the unit price is 100G. 

OR 

A or B 

Product code >= 200 

OR unit price = 100 

The product code is greater than or equal 
to 200 or the unit price is 100G. 

NOT 

Not A 

NOT unit price = 100 

The unit price is not 100G. 
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PATTERNS 


SELECT * 

FROM product 
WHERE product 


When you don't know exactly what to search for. you can also use pattern matching in 
conditions by using wildcard characters. When using pattern matching, use characters such 
as % or_ in a LIKE statement: this will search for a character string that matches the pattern 
you specify. You can search for a value that corresponds to a partially specified character 
string using %. which indicates a character string of any length. and_. which specifies only 
one character. 

An example of a query using wild cards is shown below. This example statement 
searches for a character string that has n at the end of the product name. 


iame LIKE '%n‘ 




This statement matches 
patterns using a wild card. 


Product code 

Product name 

Unit price 

101 

Melon 

800G 

104 

Lemon 

200G 


The wild cards you can use in an SQL statement are explained below. 


WILP CARPS 


Wild 

card 

Description 

Example of 
pattern 

Matching character 
string 

% 

Matches any number of 

%n 

Lemon Melon 


characters 

n% 

Nut Navel orange 


Matches one character 

_t 

it 



t_ 

to 


SEARCHES 

There are also many other search methods. For example, you can specify BETWEEN XAND 
Y for a value range. If you specify a range as shown below, you can extract products with 
unit prices greater than or equal to 150G or less than 200G. 


SELECT * 

FROM product 
WHERE unit_price 
BETWEEN 150 AND 200 



Specifies a search range 


In addition, you can specify IS NULL when searching for rows. If you use the search 
shown below, you can extract products with null unit prices. 


SELECT * 

FROM product , . 

WHERE unit_price is NULL; ^ 
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QUESTIONS 

Now, let's create SQL statements using various kinds of conditions. Let's use the Export 
Destination Table below (assuming the unit for population is 10,000). Answer the questions 
below using SQL statements. The answers are on page 119. 

EXPORT PECTINATION TABLE 


Export destination code 

Export destination name 

Population 

12 

The Kingdom of Minanmi 

100 

23 

Alpha Empire 

120 

25 

The Kingdom of Ritol 

150 

30 

The Kingdom of Sazanna 

80 


Q1 

To find countries in which the population is greater than or equal to 1 million, extract 
the table below. 


Export destination code 

Export destination name 

Population 

12 

The Kingdom of Minanmi 

100 

23 

Alpha Empire 

120 

25 

The Kingdom of Ritol 

150 


Q2 

To find countries in which the population is less than 1 million, extract the table below. 


Export destination code 

Export destination name 

Population 

30 

The Kingdom of Sazanna 

80 


Q3 

Find countries in which the export destination code is less than 20 and the population 
is greater than or equal to 1 million. 

Q4 

Find countries in which the export destination code is greater than or equal to 30 and 
the population is greater than 1 million. 

Q5 

What is the population of the Kingdom of Ritol? 

Q6 

Find countries whose names contain the letter n. 
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Princess Ruruna and Cain have learned about various aggregate functions. Aggregate 
functions are also known as set functions. You can use these functions to aggregate infor¬ 
mation such as maximum and minimum values, number of items, and sum. 

If you specify a WHERE phrase along with an aggregate function, you can obtain an 
aggregated value for just the specified rows. If you specify a phrase like the one shown 
below, you can figure out the number of products with unit prices greater than or equal to 
200G. 


SELECT C0UNT(*) 

FROM product 

WHERE unit_price>=200; 



COUNT(*) 

2 


DATA BY GROUP IN<5 

If you group data, you can obtain aggregated values easily. For example, if you want to 
obtain the number of products and average unit price based on district, you can use the 
grouping function. 

To group data, combine the aggregate function and the GROUP BY phrase. Let's use 
the Product Table shown below. 


FKOVVCT TABLE 


Product code 

Product name 

Unit price 

District 

101 

Melon 

800G 

South Sea 

102 

Strawberry 

150G 

Middle 

103 

Apple 

120G 

North Sea 

104 

Lemon 

200G 

South Sea 

201 

Chestnut 

100G 

North Sea 

202 

Persimmon 

160G 

Middle 

301 

Peach 

130G 

South Sea 

302 

Kiwi 

200G 

South Sea 


To obtain the average unit price for each district in the Product Table, specify the 
District column and the AVG function for the GROUP BY phrase. This will group data based 
on district and give you the average unit value of the products in each district. 


SELECT district,AVC(unit_price) 
FROM product 
GROUP BY district; 



Enables grouping 


District 

AVG(unit_price) 

South Sea 

332.S 

North Sea 

110 

Middle 

155 
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What if you wanted to further restrict your results, based on a particular property of 
the data? Assume that you want to find products with regional average unit prices greater 
than or equal to 200G. In this case, do not specify a condition in the WHERE phrase, but use 
a HAVING phrase instead. This allows you to extract only districts in which the average unit 
price is greater than or equal to 200G. 


SELECT district,AVG(unitprice) 
FROM product 
GROUP BY district; 

HAVING AVG(unit_price)>=200; 




Filters results 
after being grouped 


District 

AVG(unit_price) 

South Sea 

332.5 



QUESTIONS 

Answer the questions below using this Export Destination Table (assuming the unit for 
population is 10.000). The answers are on page 120. 

EXPORT PECTINATION TABLE 


Export destination code 

Export destination name 

Population 

District 

12 

The Kingdom of Minanmi 

100 

South Sea 

15 

The Kingdom of Paronu 

200 

Middle 

22 

The Kingdom of Tokanta 

160 

North Sea 

23 

Alpha Empire 

120 

North Sea 

25 

The Kingdom of Ritol 

150 

South Sea 

30 

The Kingdom of Sazanna 

80 

South Sea 

31 

The Kingdom ofTaharu 

240 

North Sea 

33 

The Kingdom of Mariyon 

300 

Middle 


Q7 

What is the smallest population? 

Q8 

What is the largest population? 

Q9 

What is the total population of all countries included in the Export Destination Table? 

Q10 

What is the total population of the countries in which the export destination code is 
greater than 20? 


Qll 


How many countries are there in which the population is greater than or equal to 
1 million? 


Q12 

How many countries are in the North Sea district 9 
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Q13 


Which country in the North Sea district has the largest population? 

Q14 

What is the total population of every country excluding the Kingdom of Ritol? 

Q15 

Find the districts in which the average population is greater than or equal to 2 million. 

Q16 

Find the districts that contain at least three countries. 


for rata 



There are more complicated query methods available in SQL. in addition to the ones we've 
already discussed. 

USIN<3 A ZUBQUeizy 

For example, you can embed one query in another query. This is called a subquery. Let's 
look at the tables below. 


FROVUCT TABLE SALES STATEMENT TABLE 


Product 

code 

Product 

name 

Unit price 

101 

Melon 

800G 

102 

Strawberry 

150G 

103 

Apple 

120G 

104 

| Lemon 

200G 


Report 

code 

Product 

code 

Quantity 

1101 

101 

1.100 

1101 

102 

300 

1102 

103 

1,700 

1103 

104 

500 

1104 

101 

2.500 

1105 

103 

2.000 

1105 

104 

700 


You can use these two tables to search for the names of products for which the sales 
volume is greater than or equal to 1,000. The following SQL statement will conduct that 
search. 


SELECT * FROM product 
WHERE product_code IN 
(SELECT product_code , 
FROM sales_statement -si 
WHERE quantity>=1000); 
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In this SQL statement, the SELECT statement in parentheses is performed first: The 
product code in the Sales Statement Table is searched for first, and product codes 101 
and 103 are found (as these are the only reports with sales volume greater than 1.000). 
These product codes are used as a part of the condition for the SELECT statement outside 
the parentheses. For IN. the condition is satisfied when a row matches any value enclosed 
within parentheses. Thus, products that correspond to the product codes 101 and 103 will 
be returned. 

In other words, in the case of a subquery, the result of the SELECT statement within 
parentheses will be sent to the other SELECT statement for searching. The following infor¬ 
mation will be the result of the whole query. 


Product code 

Product name 

Unit price 

101 

Melon 

800G 

103 

Apple 

120G 


us me a coRize latbp subqusr y 

Let’s consider a subquery as being contained inside another query. Such a subquery 
may refer to data from the outer query. This is called a correlated subquery. In the query 
below, the sales_statement table in the outer query is temporarily given the new name U 
so the subquery can refer to it unambiguously. The syntax U.product_code indicates which 
product_code column is intended, since there are two sources for that column inside the 
subquery. 

Because the subquery refers to data from the outer query, the subquery is not inde¬ 
pendent of the outer query as in previous examples. This dependency is called a correlation. 




SELECT * 

FROM sales_statement U 

WHERE quantity) 

(SELECT AVG(quantity) 

FROM sales_statement 

WHERE product_code=U.product_code); 


Report code 

Product code 

Quantity • 

1104 

101 

2.500 

1105 

103 

2.000 

1105 

104 

700 


This query extracts 
statements with 
sales volume greater 
than the product's 
average. 


Let’s look at how this correlated subquery is processed. In the correlated subquery, the 
query outside is implemented first. 



SELECT * 

FROM sales statement U 


This result is sent to the query inside to be evaluated row by row. Let’s explore the 
evaluation of the first row. product code 101. 
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(SELECT AVG(quantity) 
FROM sales_statement 
WHERE product_code=10l) 


The product code for the first row is 101. or melons—the average sales quantity of 
melons is 1.800. This result is then sent as a condition for the query outside. 


WHERE quantity>(l,800) 


This process continues for all rows in the sales statement—steps © and © are per¬ 
formed for all possible product codes. In other words, this query extracts reports in which 
the sales volume of a fruit is greater than that particular fruit's average sales quantity. 
Consequently, only the fifth, sixth, and seventh rows of O are extracted. 



QUESTIONS 

Now. answer the following questions based on the Product Table and the Sales Statement 
Table. The answers are on page 122. 

Q17 

Find the sales statement for fruit with unit prices greater than or equal to 300G, and 
extract the table below. 


Report code 

Product code 

Quantity 

1101 

101 

1.100 

1104 

101 

2.500 


Q18 

Obtain the average sales volume by product, and find items that have sales volumes 
that are less than the average. 


jomm uz&ies 


After conducting an SQL-based search. Princess Ruruna and Cain created a sales report by 
combining tables. Joining tables by combining columns with the same names is called an 
equi join. For an equi join, rows with the same value are designated as join conditions for 
joining tables. Joining columns with the same name into one is called a natural join. 
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The join method in which only rows having a common value like equi join are selected 
is called inner join. 

In contrast, the join method that keeps all rows of one table and specifies a null for 
rows not included in another table is called an outer join. If you place a table created from 
an outer join on the right or left of an SQL statement, it is called a left outer join or a right 
outer join, depending on which rows are kept. 

Left table Right table 
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Finally. Princess Ruruna and Cain learned about the statement syntax that creates a table. 
CREATE TABLE. The statement syntax inside a CREATE TABLE statement often depends on 
the particular kind of database you use. An example is shown below. 


CREATE TABLE product 

( 

product_code int NOT NULL, 
product_name varchar(255), 
unit_price int, 

PRIMARY KEY(product_code) 

); 



This statement creates a table. 


When you create a table, you must specify its column names. Additionally, you can 
specify a primary key and a foreign key for each column. In this example, the product code 
is specified as a PRIMARY KEY and product code is not allowed to be null. When creating a 
table, you may need to include the following specifications. 
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CONSTRAINTS ON A TABUS 


Constraint 

Description 

PRIMARY KEY 

Sets a primary key 

UNIQUE 

Should be unique 

NOT NULL 

Does not accept a NULL value 

CHECK 

Checks a range 

DEFAULT 

Sets a default value 

FOREIGN KEY REFERENCES 

Sets a foreign key 


These specifications are called constraints. Giving constraints when creating a table 
helps to prevent data conflicts later on and allows you to correctly manage the database. 

INSERTING, UPPATIN<3, OR PELETINO ROWS 

You can use the INSERT. UPDATE, and DELETE statements to insert, update, or delete data 
from a table created by the CREATE TABLE statement. Let's insert, update, and delete some 
data using SQL. 


This statement adds cherry. 


INSERT INTO product 
(product_code,product_name,unit_price) 
VALUES (200,'cherry',200); 


UPDATE product 

SET product_name='cantaloupe' 
WHERE product_name='melon’; 


<C This statement updates 
I melon to cantaloupe. 


DELETE FROM product 
WHERE product_name='apple'; 


<; 


This statement deletes apple. 


Product code 

Product name 

Unit price 

101 

Cantaloupe 

800G 

102 

Strawberry 

150G 

103 

Apple 


104 

Lemon 

200G 

200 

Cherry 

200G 


J 

\ 


K 




is deleted. 


added. 


When inserting, updating, or deleting a row, you cannot violate the constraints set by 
the CREATE TABLE statement. If a product with product code 200 already exists, you cannot 
add cherry, since you cannot add duplicated data as a primary key. When you insert, update, 
or delete data in a database, you must consider the database's constraints. 
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CREATING A VIEW 

Based on the table you created with the CREATE TABLE statement, you can also create a 
virtual table that exists only when it is viewed by a user. This is called a view. The table from 
which a view is derived is called a base table. 



Base table 



Use the SQL statement shown below to create a view. 


£ 


CREATE VIEW expensiveproduct <T This statement creates a view. 

(product_code,product_name,unit_price) 

AS SELECT * 

FROM product 
WHERE unit_price>=200; 


The Expensive Product Table is a view based on the Product Table, which is a base 
table. It was created by extracting data with unit prices greater than or equal to 200G from 
the Product Table. 


EXPENSIVE PROPUCT TABLE 


Product code 

Product name 

Unit price 

101 

Melon 

800G 

104 

Lemon 

200G 

202 

Persimmon 

200G 


Once you create the Expensive Product view, you can search for data in it the same way 
you would search for data in a base table. 


SELECT * 

<t 

Allows the view to be used 

FROM expensiveproduct 


in the same manner as a 

WHERE unit_price>=500; 


base table 


It is convenient to create a view when you want to make part of the data in a base 
table public. 
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There are also SQL statements for deleting a base table or view. The statement used to 
delete a base table or view is shown below. 


DROP VIEW expensive_product; 


DROP TABLE product; 



QUESTIONS 

Create SQL statements for the following questions (assuming the unit for population is 
10.000). The answers are on page 123. 

Q19 

The following Export Destination Table was created using a CREATE TABLE statement. 
Add the data below. 


EXPORT DESTINATION TABLE 


Export destination 
code 

Export destination name 

Population 

District 

12 

The Kingdom of Minanmi 

100 

South Sea 

15 

The Kingdom of Paronu 

200 

Middle 

22 

The Kingdom of Tokanta 

160 

North Sea 

23 

Alpha Empire 

120 

North Sea 


From the Export Destination Table in Q19. create a view titled North Sea Country that 
shows countries belonging to the North Sea district. 


EXPORT DESTINATION TABLE 


Export destination 
code 

Export destination name 

Population 

22 

The Kingdom of Tokanta 

160 

23 

Alpha Empire 

120 


Q21 


Change the population of the Kingdom of Tokanta in the Export Destination Table to 
1.5 million. 


Q22 

In the Export Destination Table, delete all data for the Kingdom of Paronu. 
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You can use SQL functions to define, operate, and control data. 

To search for data, use a SELECT statement. 

To specify a condition, use a WHERE phrase. 

To insert, update, and delete data, use INSERT. UPDATE, and DELETE statements. 
To create a table, use a CREATE TABLE statement. 


anewene 

Q1 

SELECT * 

FROM exportdestination 
WHERE population>=lOO; 


Q2 

SELECT * 

FROM export_destination 
WHERE populationdOO; 


Q3 

SELECT * 

FROM export_destination 

WHERE export_destination_code<20 

AND population>=100; 


Export destination code 

Export destination name 

Population 

12 

The Kingdom of Minanmi 

100 


Q4 

SELECT * 

FROM exportdestination 

WHERE export_destination_code>=30 

AND population>100; 



Export destination code 

Export destination name 

Population 

23 

Alpha Empire 

120 

25 

The Kingdom of Ritol 

150 

30 

The Kingdom of Sazanna 

80 
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Q5 


SELECT population 
FROM export_destination 

WHERE export_destination_name='the Kingdom of Ritol'; 


Population 

150 


Q6 


SELECT * 

FROM export_destination 

WHERE export_destination_name LIKE '%n%'; 


Export destination code 

Export destination name 

Population 

12 

The Kingdom of Minanmi 

100 

30 

The Kingdom of Sazanna 

80 


Q7 

SELECT MIN(population) 
FROM exportdestination; 


MIN(population) 

80 


Q8 

SELECT MAX(population) 
FROM exportdestination; 


MAX(population) 

300 


Q9 

SELECT SUM(population) 
FROM exportdestination; 


SUM(population) 

1.350 
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Q10 


SELECT SUM(population) 

FROM export_destination 

WHERE export_destination_code>20; 


SUM(population) 

1.050 


Qll 

SELECT COUNT(*) 

FROM exportdestination 
WHERE population>=100; 


COUNT(*) 

7 


SELECT COUNT(*) 

FROM exportdestination 
WHERE district='north sea'; 


COUNT(*) 

3 


Q13 

SELECT MAX(population) 

FROM export_destination 
WHERE district='north sea'; 


MAX(population) 

240 
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Q14 


SELECT SUM(population) 

FROM export_destination 

WHERE NOT(export_destination_name='the Kingdom of Ritol’); 


SUM(poputation) 

1.200 


Q15 

SELECT district, AVG(population) 
FROM export_destination 
CROUP BY district 
HAVING AVG(population)>=200; 


District 

AVG(population) 

Middle 

250 


SELECT district, C0UNT(*) 
FROM export_destination 
GROUP BY district 
HAVING COUNT(*)>=3; 


District 

COUNTS) 

North Sea 

3 

South Sea 

3 


Q17 


SELECT * 

FROM sales_statement 
WHERE product_code IN 
(SELECT product_code 
FROM product 
WHERE unit_price>=300); 
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Q18 


SELECT * 

FROM sales_statement U 
WHERE quantity< 

(SELECT AVG(quantity) 

FROM sales_statement 

WHERE product_code=U.product_code); 


Report code 

Product code 

Quantity 

1101 

101 

1.100 

1102 

103 

1,700 

1103 

104 

500 


Q19 

INSERT INTO export_destination(export_destination_ 
code,export_destination_name,population,district) 
VALUES(12,'the Kingdom of Minanmi', 100 ,'south sea'); 
INSERT INTO export_destination(export_destination_ 
code,export_destination_name,population,district) 
VALUES(l5,'the Kingdom of Paronu',200,'middle'); 
INSERT INTO export_destination(export_destination_ 
code,export_destination_name,population,district) 
VALUES(22,'the Kingdom of Tokanta', 160 ,'north sea'); 
INSERT INTO export_destination(export_destination_ 
code,export_destination_name,population,district) 
VALUES(23,'Alpha Empire',120,'north sea'); 


Q20 

CREATE VIEW north_sea_country(export_destination_ 
code,export_destination_name,population) 

AS SELECT export_destination_code,export_destination_name,population 
FROM export_destination_name 
WHERE districts north sea'; 


Q21 

UPDATE export_destination 
SET population=150 

WHERE export_destination_name='the Kingdom of Tokanta'; 

Q22 

DELETE FROM exportdestination 

WHERE export_destination_name='the Kingdom of Paronu'; 
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SQL is standardized by the International Organization for Standardization (ISO). In 
Japan, it is standardized by JIS (Japanese Industrial Standards). 

Other SQL standards include SQL92, established in 1992, and SQL99, established 
in 1999. Relational database products are designed so that queries can be made in 
accordance with these standards. 

Some relational database products have their own specifications. Refer to the 
operation manual for your database product for further information. 
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ACTUALLY, 
I SHOULP 
THANK YOU. 


BUT we still 

HAVE 50 MUCH 
TO LEARN. 




FOR EXAMPLE/ I WONPER 
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OPERATE WHEN 50 MANY 
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INPEEP. 


SO THE QUESTION IS, HOW 
POES A PATABASE CONTROL 
USER OPERATIONS? 


HE'S ' 
■Roovy; 


I'LL EXPLAIN THAT NOW/ 























FIRST OF ALL, 
A PATA BASE IS 
PESIONEP TO 


A UNIT OF PATA OPERATIONS IS 
CALLEP A TRANSACTION. 




IN THIS EXAMPLE, A 
REAP OPERATION, AN 
APP OPERATION, ANP A 
WRITE OPERATION ARE 
PROCESSEP AS A SINOLE 
TRANSACTION. 


o.o 


1 

REAP 


REAP 

PATA. 


PATA. 

| 


APP 10. 


APP 10. 


fW 


o.o 



'Hi 

WRITE 


THE 


RESULT. 



WRITE 

THE 

RESULT. 




% ' 


* * 
* * 


FI 


SO, ANPY'S 
OPERATIONS FORM 
ONE TRANSACTION, 


ANP BECKY'S 
OPERATIONS FORM 
ANOTHER. 


k 


Si 
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TRANSACTION 











UftdL 16 a LOCK? 




IN A PATABABB, 
OPBRATIONB BY 
MANY UBBRB ARB 
CONTROLIBP BO 
THAT NOTH I NO OOBB 
WRONO... 


WHBN THBY 
ACCBBB THB 
PATABABB 
CONCURRBNTLY. 


FOR THAT PURPOBB, A 
MBTHOP CAULBP A 

IB UBBP. 



I BBB. 


YOU MBAN t tOC|C f AB 
IN "LOCK ANP KBY"? 



YOU LOCK PATA TO 
PRBVBNT IT FROM 
BBINO BRRONBOUBUY 


ToTw 


THAT'B NBWB 
TO MB. 





' » # 


BXACTLY. 


0 


( o 




LBT MB BXPUAIN 
UBINO THB PRBVIOUB 
BXAMPLB. / 



YOU'VE 
PRAWN 
SO MANY 
DIAGRAMS' 








h 
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ANPY LOCKS THE PATA BEFORE 
PERFORMING A SERIES OF 
OPERATIONS. 


WHEN BECKY TRIES TO PERFORM HER 
OPERATIONS, SHE MUST WAIT UNTIL 

ANPY IS FINISHEP. 


\o c 


V 




30 

APPLES 


S 


APP 10. 


.40 APPLES 


BECKY CAN ONLY PERFORM 
HER OPERATIONS AFTER 
ANPY IS THROUGH WITH HIS 
OPERATIONS. 


O 


6 

O 


30 

APPLES 


© 

0 


WAITING* FOR ANC7Y TO 
FINISH PROCESSING*. 


50 APPLES 


40 

APPLES 


T% 


APP lO. 


50 APPLES, 


0 


.0 


0 



I'M 

WAITING IN 
A QUEUE' 


fa 




AS A RESULT, THE PATABASE 
YIELPS THE VALUE SO, AS IT 

SHOULP. 


OH, BOY/ CAIN, 
I'M IMPRESSED 




■ 


YEAH, YEAH. 
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SO, I UNPERSTANP THAT 
OPERATIONS ON THE 
PATABASE ARE FINALIZEP 
WHEN EACH TRANSACTION 
IS PROCESSEP 
CORRECTLY. 


(cor 



DATABASE 


OHnirvut 


THAT FINALIZATION IS 
CALLEP A COMM/T 
OPERATION. 



ALTHOUGH A LOCK HAS ITS 
OWN ROLE IN A PATABASE, 
LOCKINO SHOULP NOT 
EE OVERUSEP. IT CAN 
HINPER THE PURPOSE OF A 
PATABASE: SHARI NO PATA 
WITH A LOT OF PEOPLE. 


SO WE USE PIFFERENT 
TYPES OF LOCKS 
PEPENPINO ON THE 
SITUATION. 


7 K\ \\\ 


HOW PO WE PO THAT? 


FOR EXAMPLE, YOU CAN 
USE A SHAREP LOCK 
FOR A REAP OPERATION 
WHEN IT IS THE ONLY 
OPERATION NEEPEP. 


• • •« 


Mm 

mm. 

••V.VtVtV. 




SHAREt? 

LOCK 



WHILE A 5HARBP LOCK 
IS APPLIED OTHER USERS 
CAN REAP THE PATA... 



I 

r 

i 




BUT CANNOT 
PERFORM 
A WRITE 
OPERATION 
ON IT. 



O 


/ 


WRITE? 


REAP? 
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WHEN PERFORMING 
A WRITE OPERATION, 
A USER APPLIES AN 
EXCLUSIVE LOCK. 




WHEN AN EXCLUSIVE 
LOCK IS APPLIED 
OTHER USERS CANNOT 
REAP OR WRITE PATA. 


>jp» 




\ 



REAP? 



' 1 'OH, MY. 











Sht 





WRITE? 


I SEE THAT THERE 
ARE PIFFERENT 
TYPES OF LOCKS. 


i I 



THAT 

MAKES 

SENSE. 






WHEN A LOCK IS USEP TO 
CONTROL TWO OR MORE 
TRANSACTIONS, THAT IS CALLEP 
CONCURRENCY CONTROL. 


IN A PATABASE, 
CONCURRENCY 
CONTROL ALLOWS 


AS MANY USERS AS 
POSSIBLE TO USE A 
PATABASE AT ONE TIME 
WHILE PREVENTING 
PATA CONFLICTS FROM 
OCCURRING. 
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YOU MUST HAVE 
STUPIEP A LOT/ 


NO/ NOT REALLY. 


15 THAT 
YOUR 

IMPKE55ION? 


\» I 



k: 
v> 


I5NT HE 
PEPENPABLE, 
RJRUNA? 



I 5JPP05E 50- 


LET ME OET 
BACK TO THE 
PREVIOUS 
TOPIC. 


IN SOME CASES, CONCURRENCY 
CONTROL WITH A LOCK MAY CAUSE 

A PROBLEM. 







ANPy 

FFrrr 

66 <i , 



8e C<V 


fej 



FOR EXAMPLE.. 


SUPPOSE ANPY HAS 
APPLIEP AN EXCLUSIVE 
LOCK ON THE APPLE 
PATA. 


ANP SUPPOSE BECKY 
HAS APPLIEP AN 
EXCLUSIVE LOCK ON 
THE STRAWBERRY 
PATA. 


7/ 


APPLE PATA 


(t>0© 


ock 


5TRAWBERRY PATA 


UH-HUH. 





































NEXT, ANPY MAY 
TRY TO APPLY AN 
EXCLUSIVE LOCK ON 
STRAWBERRY PATA, 


\o 


Ot& 


APPLE PATA 
606 



ANP BECKY MAY 
TRY TO APPLY AN 
EXCLUSIVE LOCK 
ON APPLE PATA. 


WHAT WOULP 
HAPPEN THEN? 


(ik , A 




SINCE EACH OF THEM 
MUST WAIT FOR THE 
LOCK APPLIEP BY THE 
OTHER USER TO BE 
RELEASED 


NEITHER ONE CAN 
PROCEEP WITH 
ANY OPERATION. 
IS THAT IT? 


™ Ey CANNOT 


*PPLes 


POA ^yrm^ 


% 



THIS SITUATION; 
WHICH IS CALLEP 
A PBAPLOCK, 
CANNOT BE 
SOLVEP UNLESS 
ONE OF THE 
LOCKS IS 
RELEASEP. 


FOR EXAMPLE, YOU 
CAN LOOK FOR 
TRANSACTIONS THAT 
HAVE BEEN QUEUEP 
FOR A CERTAIN LENOTH 
OF TIME... 




v % 


C> ' 


A 


ANP CANCEL THEM/ 


WHEN YOU CANCEL 
A TRANSACTION, 
IT'S CALLEP A 
ROLLBACK. 


ROLLBACK? 
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you mean you can 

CANCEL ALL THE 
OPERATIONS IN A 
TRANSACTION AT 
ONCE? 



/1 % 


YES' POR EXAMPLE, IF A 
TRANSACTION TO DISCOUNT FRUITS 
PRICEP LESS THAN OR EQUAL TO 
ISOS" HAS FAILED 


OPERATIONS FOR APPLES ANP 
STRAWBERRIES MUST BE CANCELEP 
ALTOGETHER, RIGHT? 





I SEE. 



SO THE DATABASE 
BEHAVES AS IF NO 
OPERATION HAP 
BEEN PERFORMEP 
AT ALL? 




g 

¥ IS 




YES, SORT OF. 


IF ANYTHING HAS 
OCCUR REP PURING 
A TRANSACTION TO 
PISABLE FINALIZATION, 


THEN A ROLLBACK 
IS PERFORMEP 
INSTEAP OF jflt 
A COMMIT 
OPERATION. 




fol 1 bdck 



THAT'S RIGHT. 

A TRANSACTION ALWAYS 
ENPS WITH A COMMIT OR 
ROLLBACK OPERATION. 


v t 


f * 1 

T ^ 

L / 


ALL RIGHT/ 
NOW, TICO, 
PEAR, THE NEXT 
TOPIC IS... 





c? 


VU/T 


THERE ARE NO HALF MEASURES, 
IN OTHER WORPS. 



TI 7 
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DataBase eecmzu 


EVEN WHEN IT'S SHAREP 
AMONO A LOT OF PEOPLE 
CONCURRENTLY A PATABASE 
CAN AVOIP TROUBLE IF IT'S 
PESIONEP CORRECTLY. 




/ 




RAMINESS SHOWS 
UP LIKE THE WINP. 




I'M THE ONE THAT 
SHOULP BE ANORY 


LOOK AT THIS. 































OUR PROPUCT 
TABLE. 



PROPUCT COPE 

FZOPUCT NAME 

UNIT PRICE 

101 

MELON 

10,0000 

102 

STRAWBERRY 

12,5000 

103 

APPLE 

8,0000 

104 

LEMON 

6,0000 

201 

(CHESTNUT 

ooooo 

202 

PERSIMMON 

12,4000 

301 

PEACH 

5,0000 

302 

KIWI 

6,0000 


WHAT'S WRON6 
WITH IT? 



THE PRICES. 
THE PRICES/ 




THE PRICES? 



THE FIGURES 
IN THE UNIT PRICE 
COLUMN ARE ALL 
MESSEP UP/ 



A 


































BECAUSE YOUR INVOICES 
ARE SUCH A MESS, MY 
COUNTRY, AN IMPORTER, IS 
EXPERIENCING HAVOC. 


A PATABASE IS A 
NASTY THING. 


o « *> 


/// 




floras 


SsslUl 







w\\u\ 


WHY PONT YOU ACCEPT MY 
PROPOSAL, PRINCESE RURUNA? 
COME OVER TO MY COUNTRY 
ANP EE MY ERIPE. 


IGNORING 


AS PART OF THE 
COMPENSATION FOR 
THIS TROUBLE... 


SOMEONE WITH 
MALICIOUS INTENT MIGHT 
HAVE PERFORMEP AN 
UNAUTHORIZEP PATA 
OVERWRITE. 




m- ■ 


m a 


m 


PRINCE RAM I NESS, 



v ' 


HOW 

AWFUL/ 


¥ 




you ARF 

0FHAVINO 
AS IF I 
W£££ NOT 
x HFRF. 


4- 





WE ARE VERY 
SORRY. 
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WE PROMISE TO TAKE 
ACTION FOR DATABASE 
PROTECTION TO PREVENT 
THIS KINP OF THINO FROM 
HAPPENING AOAIN. 


Himhirr 




.1 



FOROIVE US 
FOR THIS, WONT / 
y OU? Z* 

Zr 




YOU SA y YOU'LL FIX IT, 
BUT...X'M NOT SO SURE... 
BE MORE SPECIFIC, 
WILL YOU? 


THE CAUSE OF THIS 
TROUBLE IS THAT 
EVERYBODY IN THE 
KINOPOM OF KOP HAS 
FREE ACCESS TO THE 
PATABASE. 


WHICH 

MEANS...? 


FIRST OF ALU WE WILL 
HAVE SET UP ACCESS 
CONTROL TO LIMIT USERS 
OF THE PATABASE. 


- ' l 


A OOOP SOLUTION MAY BE 
TO REQUIRE USERNAMES ANP 
PASSWORPS TO ACCESS THE 
PATABASE/ TO CONFIRM THAT 
EACH USER IS TRUSTWORTHY 
ENOUOH TO BE OIVEN 
ACCESS RIOHTS. 


r i i 


SOU N PS 
CLEVER/ 


/, M 




vn \\ 





SECONP, WE 
WILL CONFIGURE 
SETTINGS TO OIVE 
PERMISSION FOR 
CERTAIN OPERATIONS 
ONLY TO AUTHORIZEP 
USERS. 






r 

> 



cfi. 




♦ i 






& 
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! 


MERCHANPISE PEPARTMENT PERSONNEL MAY SEARCH, INSERT, UPPATE, ANP PELETE PROPUCT PATA. 

OVERSEAS BUSINESS PEPARTMENT PERSONNEL. MAY SEARCH ANP INSERT PROPUCT PATA, BUT THEY 
ARE NOT ALLOWEP TO UPPATE OR PEUETE IT. 

EXPORT PEPARTMENT PERSONNEL MAY SEARCH PROPU6T PATA, BUT THEY ARE NOT ALLOWEP TO 
INSERT, UPPATE, OR PELETE IT. 


PATABASE 




MERCHANPISE 

PEPARTMENT 


X 


oversea* business 
PEPARTMEKT 


N. 


EXPORT 

PEPARTMENT 


SEARCH 

YES 

INSERT 

YES 

UPDATE 

YES 

| DELETE 

YES 




SEARCH 

YES 

INSERT 

YES 

UPDATE 

NO 

DELETE 

NO 


SEARCH 

YES 

INSERT 

NO 

UPDATE 

NO 

DELETE 

NO 



fv 


WE WON'T JUST RESTRICT THE 
NUMBER OF USERS-WE WILL 
ALSO SET PERMISSIONS FOR 
EACH USER WE ALLOW TO 
ACCESS THE PATABASE. 




o 


I/M 






THIS WAY, PROBLEMS CAN BE 
AVOIPEP ANP THE PATABASE 
CAN STILL BE SHAREP. 



OH, YEAH... 
PUTT1NO THAT ASIPE, 
WHAT I WANTEP TO 
SAY IS... 


THIS IS A OOOP 
OPPORTUNITY FOR YOU 
TO CONSIPER MARRIAOE 
WITH ME, ANP... 


V 


#0* 


% 












OH, BUT WAIT.../ 


9/Z 


142 CHAPTERS 















e?eev\m mme u? wicft iwe\m 


i&NOftep 

AGAIN... 



AS THE DATABASE 6 ROWS 
ANP MORE ANP MORE PEOPLE 
BEOIN USINO IT, 



SOME OTHER 
PROBLEMS MAY 
ARISE... 


I SEE YOUR 
POINT... 



FOR EXAMPLE, 
THE OREATER THE 
VOLUME OF PATA 
BECOMES, 


THE SLOWER A 
SEARCH OPERATION 
MAY BECOME. 





YES, INPEEP/ 


IS IT SAFE TO TRUST 
A PATABASE? 





•v/ 


JAB/ 


¥ 



INPEXINO SEEMS TO BE A 
PROMISING SOLUTION. 


AN INPEX LI ICE ONE 
AT THE ENP OF A 
BOOK? 



PRINCESE-...I PONT 
REALLY £ARE. 
LETS PSOS5- OUR 
MARRIAOE, INSTEAP. 




YOU'RE RIOHT. 
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SUPPOSE WE APE (301 NO TO 
FINP THE MEANING OF THE TERM 
TRANSACTION BY CONSULTING 
THIS BOOK ON DATABASES. 



A BUINP SEARCH FOP 
THE TERM WOUUP BE 
PAINSTAKING, SO WE WOUUP 
CHECK THE INPEX, INSTEAP. 




’AVI 


CsBM 


o 






UNPEP THE ENTRY FOP 
TRANSACTION, PAGES THAT 
PISCUSS TRANSACTIONS 
APE UISTEP. 





f 




INPEX 




a 




REFERENCE PA6E 



a 



BY USING AN INPEX, 
WE CAN QUICKUY 
FINP THE PAGE 
WE'RE LOOKING 
FOP/ 


I / 



YOU'RE RIGHT. 
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if you crfatf iNpexes 

FOR PROPUCT COPFS, 


I / 


to/ 


Me Lom 


IT TFLLS YOU WHFRF ON 

me pisk that propuct 

PATA IS L.OCATFP. 


you CAN INSTANTLY 
UFARN WHFRF PROPUCT 
PATA IS STORFP FOR 
A PROPUCT ASSIONFP 
PROPUCT cope 101. 


DATA 





inpfxino Heups speep up 
me SeARCH. 


WELL, IT'S NOT 
SO EASY FOR ME 
TO FOLLOW. 
ANYWAY... 


UH-HUH 



rr is veRy TiMe consuming 

TO BROWSe ALL ROWS 
WHeN SeARCHINO FOR 
CFRTAIN PATA. 




usino iNpexes, we 
can Repuce me pisk 
A ccess COUNT. 


Repuce me pisk 

Access COUNT, ANP 
OUR SeARCH WILL 
ee MUCH FASTeR/ 
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JUST TALKING 
TO MYSELF/ 


nco 


OOPS, RAMINS 
CAN'T SEE HER. 




o° 



HA, HA, 
HA 


* «\ 


>1 



ON THE OTHER HANP, 
CREATING TOO MANY 
INDEXES MAY LEAP TO 
INEFFICIENCY 



IS THAT 
RkSHT? 


SO IS AN INPEX 
OOOP OR BAP? 



a'. 


you SEE, IT'S LINE THIS. 
SUPPOSE A BOON HAP AN 
EXCESSIVELY LAROE NUMBER 
OF INPEXES. IT WOULP 
BE LINE PUTTING THE CART 
IN FRONT OF THE HORSE, 
WOULPNJ IT? 


FURTHERMORE, WHEN 
UPPATINO PATA, YOU MUST 
UPPATE YOUR INPEXES 
AS WELL, ANP IT WOULP 
BE ALL THE MORE TIME 
CONSUMING. 



o'* 4 




O 


// 
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THE PATABASE IS 
MOKE CLEVER THAN 
I THOUGHT. 



where PIP 

THAT ROSE 
COME 
FROM?/ 




THE PATABASE 


IT'S NOT SUPPOSEP 
TO IMPRESS ME LIKE 
THIS/ IT HAS OTHER 
PROBLEMS, TOO/ 


& 





\ 


FOR EXAMPLE, 


NO PROBLEM, 



A PISASTER RECOVERY 
FUNCTION IS IN PLACE. 


PISASTER 

RECOVERY? 
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p\6&eteF> Recover 


in5ipe a pataba5e, 
recor vs CALLEP LO&5 

ARE KEPT WHENEVER 
A PATA OPERATION 15 
PERFORMED AREN'T THEY? 




EXACTLY 


1065, HUH... 


M 


fc-A \ 






L' ’ 





M05T IMPORTANT ARE RECORP5 
OF THE VALUE5 BEFORE ANP 
AFTER A PATABA5E UPPATE. 


HMM... 



HEY, HE IE 
ALEO <3ETTlN(s> 
INTEREETEP IN 
PATABAEEE. 
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WHEN A PROBLEM HAS 
OCCURREP IN THE SYSTEM, 
FIRST YOU RESTART THE 
SYSTEM. 


THEN YOU UTILIZE LOOS 
TO RECOVER THE 
DATABASE. 


TRAN5- 

WHAT? 


9 


THE RECOVERY METHOP 
VARIES PEPENPINO ON 
WHETHER OR NOT THE 
TRANSACTION HAS BEEN 
COMM ITTEP. 






BLAB, 

BLAB 


APPARENTLY, 

HE 15 NOT 50 
KNOWLEPOEABLE. 
THAT'5 A PITY. 


o 


ov 

vO 


YEAH. 



IN THIS RECOVERY, THE 
PATABASE REFERENCES 
THE VALUE AFTER THE 
UPPATE. 


IF THE PROBLEM OCCURREP AFTER \ 

A TRANSACTION HAP ALREAPY 
BEEN COMM ITTEP, THAT MEANS THE / 

OPERATIONS HAVE BEEN FINALIZEP / 
FOR THAT TRANSACTION. 

7 SO, YOU CAN RECOVER THE 
( PATA BY REAPPLYINO THE 
OPERATIONS TO THE PATABASE. 


PATA A 


©00 





ROLL 

FORWARP 


PATA A 

AFTER AN UPPATE 
OPERATION 



THIS RECOVERY METHOP IS CALLEP 
ROLLING FORWARP. 
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WHAT IF THE 
TRANSACTION HASN'T 
BEEN COMMITTEP 
YET WHEN THE 
PROBLEM OCCURS? 


PATA A 


1 V w 



il ¥ 






PONT WORRY/ 

IN THAT CASS, A ROLLBACK 
TAKES PLACE. 


IN A ROLLBACK. 
OPERATION, THE VALUE 
BEFORE THE UPPATE IS 
REFERENCEP TO CANCEL 
THE TRANSACTION. 


IN OTHER WORPS, IT 
RESTORES THE STATE 
OF THE PATABASE 
BEFORE THE 
TRANSACTION WAS 
STARTEP. y 


O 0 



ROLLBACK 


DATA A 


P 


INITIAL- 5TATE 


0 ( 5(5 



THE SYSTEM RECOVERS 
THE PATA WHILE MAKINO 
SURE IT IS FREE FROM 
INCONSISTENCIES. 


I AM NOT FAMILIAR WITH 
TERMS LIKE COMMIT ANP 
TRANSACTION. 


pt»v K> UPfri TOy#N*W» “ 


UH-HUH. 


HMM 


STILL, IT SEEMS YOUR 
PATABASE SECURITY 
MEASURES ARE ALL 
RIOHT. 


6>!6H 


o 




ft 


O 


NOW PO YOU 
UNPERSTANP? 


YOU SEE, A PATABASE 
IS ROBUST/ EVEN 
WHEN PISASTER 

STRIKES/ 
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we WILL see TO IT THAT 
THe KINOPOM OF KOP 
WILL THRIVE/ 


WHAT ON eARTH? 
PON'T...PON'T PO 
THIS TO MS.... 


YOU PREFER 
SOMEBOPY 
AS HUMBLE 
AS CAIN? 


WHY ARE 
APOLOGIZING, 
CAIN? 


% 


c 


I'M 

SORRY. 


Wl» 





WELL, YES, 
I MEAN, 
FOROIVE 
ME.' 







OH, NO, I 
SHOULDN'T, 
I'M SORRY. 








%mm 




.’.V 

•••*•••• '*v«v«v»jc%v 

II 




A • 




A 



STAY 
WITH ME 
FOREVER, 
CAIN. 


7> A' 
/• 


YES, YES, 

YOUR 

HIOHNESS.' / 


WHY, OH, WHY? 





THey MAice 
A OReAT 

ooupLe. 


oo 


au. 
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pno?emee of rBansaccione 



Cain's research showed that users of a database can search for. insert, update, and delete 
data. A set of successful operations performed by a single user is called a transaction. 





DATABASE 



When users share a database, it is important to ensure that multiple transactions 
can be processed without causing conflicting data. It is also important to protect data from 
inconsistencies in case a failure occurs while a transaction is being processed. To that end. 
the following table lists the properties required for a transaction, which memorably spell the 
word ACID. 


PROPERTIES REQUIRED FOR A TRANSACTION 


Property 

Stands for 

Description 

A 

Atomicity 

A transaction must either end with a commit or rollback 
operation. 

C 

Consistency 

Processing a transaction never results in loss of consistency 
of the database. 

1 

Isolation 

Even when transactions are processed concurrently, the 
results must be the same as for sequential processing. 

D 

Durability 

The contents of a completed transaction should not be 
affected by failure. 


Let's examine each of these properties in depth. 

ATOMICITY 

The first property required for a transaction, atomicity, means that a transaction must end 
with either a commit or rollback in order to keep a database free of inconsistencies. In short, 
either all actions of a transaction are completed or all actions are canceled. A commit final¬ 
izes the operation in the transaction. A rollback cancels the operation in the transaction. 
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In some cases, a commit or rollback is performed automatically. You can also specify 
which one should be carried out. For example, you can specify a rollback if an error occurs. 
You can use the SQL statements COMMIT and ROLLBACK to perform these operations. 



QUESTION* 

Answer these questions to see how well you understand atomicity. The answers are on 
page 167. 

Q1 

Write an SQL statement that can be used to finalize a transaction 


Q2 

Write an SQL statement that can be used to cancel a transaction. 


COHeiSTBHCy 

A transaction must not create errors. If the database was consistent before a transaction is 
processed, then the database must also be consistent after that transaction occurs. 

Cain gave the example of Andy and Becky each trying to add 10 apples to an origi¬ 
nal total of 30 apples. Rather than yielding the correct amount of 50 apples, the database 
shows a total of 40 apples. This type of error is called a lost update. 
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A 



8 


When transactions are processed concurrently, more than one transaction may access 
the same table or row at the same time, and conflicting data may occur. 

Tables and rows subject to operations in a transaction are referred to as resources. In 
a database, transactions should be able to access the same resource concurrently without 
creating inconsistencies. 



ISOLATION 

When two or more concurrent transactions yield the same result as if they were performed 
at separate times, that order of processing is referred to as serializable. The isolation prop¬ 
erty requires the schedule to be serializable and protects against errors. 

In order to make the order of processing serializable, you need to have control over 
transactions that are attempted at the same time. The most commonly used method for 
this purpose is the lock-based control. A shared lock is used when reading data, while an 
exclusive lock is used when writing data. 
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When a shared lock is In use. another user can apply a shared lock to other transac¬ 
tions. but not an exclusive lock. When an exclusive lock is applied, another user can apply 
either a shared lock or an exclusive lock to other transactions. The following summarizes the 
relationship between a shared lock and an exclusive lock. 


COEXISTENCE RELATIONSHIP BETWEEN LOCK TYPES 



QUESTION* 

Do you understand locks? Answer these questions and check your answers on page 167. 

Q3 

When Andy has applied a shared lock, can Becky apply a shared lock? 

Q4 

When Andy has applied an exclusive lock, can Becky apply a shared lock? 

Q5 

When Andy has applied a shared lock, can Becky apply an exclusive lock? 

Q6 

When Andy has applied an exclusive lock, can Becky apply an exclusive lock? 
TWO-PHA5E LOCKING 

In order to make sure a schedule is serializable, we need to obey specific rules for setting 
and releasing locks. One of these rules is two-phase locking —for each transaction, two 
phases should be used: one for setting locks and the other for releasing them. 

For example, suppose there are resources A and B. both subject to locking. Transaction 
O observes the rule of two-phase locking, while transaction © does not. Serialization can 
only be achieved when each transaction complies with the rule of two-phase locking. 
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LOCKING GRANULARITY 

There are a number of resources that can be locked. For example, you can lock data in 
units of tables or units of rows. The extent to which resources are locked is referred to as 
granularity. Coarse granularity occurs when many resources are locked at once, and fine 
granularity occurs when few resources are locked. 




When granularity is coarse (or high), the number of locks needed per transaction 
is reduced, making it easier to manage granularity. In turn, this reduces the amount of 
processing required by the CPU on which the database is operating. On the other hand, 
as more resources are locked, it tends to take longer to wait for locks used by other trans¬ 
actions to be released. Thus, the number of transactions you can carry out tends to drop 
when granularity is high. 

In contrast, when granularity is fine (or low), a greater number of locks are used in one 
transaction, resulting in more operations for managing locks. This results in greater process¬ 
ing required by the CPU. However, since fewer resources are locked, you will spend less time 
waiting for other transactions to release locks. Thus, the number of transactions you can 
carry out tends to increase. 

QUEGTIONG 

Answer these questions, and check the correct answers on page 168. 

Q7 

The target resource for locking has been changed from a table to a row What will 
happen to the number of transactions you can carry out concurrently? 


Q8 

The target resource for locking has been changed from a row to a table. What will 
happen to the number of transactions you can carry out concurrently? 
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OTHER CONCURRENCY CONTROLS 


You can use locking to effectively carry out two or more transactions at the same time. 
However, using locking comes with the burden of lock management, since deadlocks— places 
where user actions conflict—can occur. Simpler methods for concurrency control can be 
used when you have a small number of transactions or a high number of read operations. 

In such cases, the following methods may be used: 

Timestamp Control 

A label containing the time of access, referred to as a timestamp, is assigned to data 
accessed during a transaction. If another transaction with a later timestamp has already 
updated the data, the operation will be not permitted. When a read or write operation 
is not permitted, the transaction is rolled back. 

Optimistic Control 

This method allows a read operation. When a write operation is attempted, the data 
is checked to see if any other transactions have occurred. If another transaction has 
already updated the data, the transaction is rolled back. 

LEVELS OF ISOLATION 

In a real-world database, you can set the level of transactions that can be processed con¬ 
currently. This is referred to as the isolation level. 

In SQL. the SET TRANSACTION statement can be used to specify the isolation levels of 
the following transactions: 

READ UNCOMMITTED 
READ COMMITTED 

• REPEATABLE READ 

• SERIALIZABLE 


SET TRANSACTION ISOLATION LEVEL READ UNCOMMITTED; 


Depending on the isolation level setting, any of the following actions may occur. 



Dirty read 

Non-repeatable read 

Phantom read 

READ UNCOMMITTED 

Possible 

Possible 

Possible 

READ COMMITTED 

Will not occur 

Possible 

Possible 

REPEATABLE READ 

Will not occur 

Will not occur 

Possible 

SERIALIZABLE 

Will not occur 

Will not occur 

Will not occur 


A dirty read occurs when transaction 2 reads a row before transaction 1 is committed 
A non-repeatable read occurs when a transaction reads the same data twice and gets 
a different value. 

A phantom read occurs when a transaction searches for rows matching a certain 
condition but finds the wrong rows due to another transaction's changes. 
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PURAE5IUTY 


A database manages important data, so ensuring security and durability in the case of fail¬ 
ure is critical. Security is also important for preventing unauthorized users from writing data 
and causing inconsistencies. 

In a database, you can set permissions for who can access the database or tables in it. 
Cain avoids dangers to the Kingdoms database by enhancing the database's security. 

In a relational database, the GRANT statement is used to grant read and write per¬ 
missions to users. You can use GRANT statements to grant permission for other users to 
process tables you have created. Setting permissions is an important task for database 
operation. 


GRANT SELECT, UPDATE ON product TO Overseas_Business_Department 



This statement grants 
permission to process data. 


You can assign the following privileges (permissions) with SQL statements. 


DATABASE PRIVILEGES 


Statement 

Result 

SELECT 

Allows user to search for rows in a table. 

INSERT 

Allows user to insert rows in a table. 

UPDATE 

Allows user to update rows in a table. 

DELETE 

Allows user to delete rows in a table. 

ALL 

Gives user all privileges. 


Granting a privilege with WITH GRANT OPTION enables the user to grant privileges 
to other users. With the statement shown below, the Overseas Business Department can 
allow other users to search and update the database. 

The granted user can grant 
privileges to other users. 


GRANT SELECT, UPDATE ON product TO Overseas_Business_Department 
WITH GRANT OPTION; 


You can also take away a user's privileges. To do this, use the REVOKE statement. 

REVOKE SELECT, UPDATE ON product FROM This statement revokes 
Overseas Business Department; | the user’s privileges. 


Some database products can group a number of privileges and grant them to multiple 
users at once. Grouping makes privilege management easier. 
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---n 

<T Grants privileges to 

multiple users using groups. 

PATABASE 






Ww' 



Using views, as described on page 117. enables even more controlled management for 
enhanced security. First, extract part of a base table to create a view. Setting a privilege for 
this view means the privilege is also set on the selected portion of data in the view. 




Base table 



____I 

— 


















Users can process the 
data in this view. 


Users cannot process the 
data in the rest of the table. 



QUB5TION5 

Try these questions on durability. The answers are on page 168. 

Q9 

Write an SQL statement that allows the Export Department to search for data in the 
Product Table. 


Q10 

Create an SQL statement to revoke the privilege to delete data from the Product Table. 

Qll 

Privileges were set as follows on a Product Table created by the administrator. Enter 
a YES or NO in each cell of the table below to indicate the presence or absence of the 
privilege for each department, respectively. 

GRANT ALL product TO OverseasBusinessDepartment; 

GRANT INSERT, DELETE ON product TO Merchandise_Department; 

GRANT UPDATE, DELETE ON product TO Export_Department; 



Search 

Insert 

Update 

Delete 

Overseas Business Dept. 





Merchandise Dept. 





Export Dept. 
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A database needs to have a mechanism that can protect data in the system in the event of a 
failure. To ensure durability of transactions, it is mandatory that no failure can create incor¬ 
rect or faulty data. To protect itself from failure, a database performs various operations, 
which include creating backup copies and transaction logs. 

Types of PAiuupes 


Database failure can occur under various circumstances. Possible types of failure include the 
following: 


Transaction failure 
System failure 
Media failure 


Transaction failure occurs when a transaction cannot be completed due to an error in 
the transaction itself. The transaction is rolled back when this failure occurs. 

System failure occurs when the system goes down due to a power failure or other such 
disruption. In the case of a system failure, disaster recovery takes place after you reboot the 
system. Generally, transactions that have not yet been committed at the time of failure are 
rolled back, and those that have already been committed when a failure occurs are rolled 
forward. 

Media failure occurs when the hard disk that contains the database is damaged. In the 
case of a media failure, disaster recovery is carried out using backup files. Transactions com¬ 
mitted after the backup files were created are rolled forward. 


checkpoints 

In order to improve the efficiency of a write operation in a database, a buffer (a segment of 
memory used to temporarily hold data) is often used to write data in the short term. The 
contents of the buffer and the database are synchronized, and then a checkpoint is written. 
When the database writes a checkpoint, it doesn't have to perform any failure recovery for 
transactions that were committed before the checkpoint. Transactions that weren't commit¬ 
ted before the checkpoint must be recovered. 

Now, suppose the transactions shown below are being performed at the time a sys¬ 
tem failure occurs. Which transactions should be rolled back? Which ones should be rolled 
forward? 

Checkpoint Failure occurrence Time 
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QUESTIONS 

Try these questions based on the table on the previous page. The answers are on page 168. 

Q12 

How should T1 be processed? 

Q13 

How should T2 be processed? 


Q14 

How should T3 be processed? 

In case of database failure, the recovery mechanisms described above will protect the 
database against inconsistency. That is why you can be reassured of database integrity when 
you use it. 


iwey.ee 


A database manages massive amounts of data, so searching for specific data can be very 
time consuming. But you can use indexes to speed up searches! 


Product code 

Product name 

. 

Unit price 

District 

101 

Melon 

800G 

South Sea 

102 

Strawberry 

150G 

Middle 

103 

Apple 

120G 

North Sea 

104 

Lemon 

200G 

South Sea 

201 

Chestnut 

100G 

North Sea 

202 

Persimmon 

160G 

Middle 

301 

Peach 

130G 

South Sea 

302 

Kiwi 

200G 

South Sea 


It is very time 
consuming to 
search for each 
item row by row. 


An index is a tool that allows you to speedily access the location of the target data. 
When looking for some data in a large database, searching with indexes promises fast 
results. 


The target data 
location can be 
accessed quickly 
by using its index. 


Index 


Product code 

Product name 

Unit price 

District 

101 

Melon 

800G 

South Sea 

102 

Strawberry 

150G 

Middle 

103 

Apple 

1206 

North Sea 

104 

Lemon 

200G 

South Sea 

201 

Chestnut 

100G 

North Sea 

202 

Persimmon 

160G 

Middle 

301 

Peach 

130G 

South Sea 

302 

Kiwi 

— 

200G 

South Sea 
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Indexing methods include B-tree and hash methods. A B-tree index is composed of 
parent nodes and child nodes, which can have further child nodes. The nodes are arranged 
in sorted order. Each parent contains information about the minimum and maximum values 
contained by all of its children. This allows the database to navigate quickly to the desired 
location, skipping entire sections of the tree that cannot possibly contain the desired value. 



The hash index method finds the location of target data by applying a hash function to 
the key value of the data. The hash acts as a unique fingerprint for a value. The hash index 
method can perform specific full-match searches, such as a search for product code 101. 
However, it is not designed to search effectively for comparative conditions like product 
codes no less than 101 or for fuzzy references like products with names ending in n 





In a hash index, the 
target location can be 
reached quickly. 


In some cases, using an index may not speed up the search—using an index doesnt 
save time unless you are looking for only a small portion of the data. Additionally, there are 
cases where indexes are recreated every time data is updated, resulting in slower processing 
of an update operation. 
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QUESTIONS 

Try these questions on indexing. The answers are on page 168. 

Q15 

Which index would be more powerful in a search with an equal sign, a B-tree or hash 
index? 


Q16 

Which index would be more powerful in a search with an inequality sign, a B-tree or 
hash index? 


orzmzina a anew 


When you query a database, the database analyzes the SQL query and considers whether 
to use an index so it can process the query more quickly. Let's examine the procedure for 
processing a query. 

The database can decide on an optimal order to process a query. Most queries can be 
processed in several orders with the same results, but with possibly different speeds. For 
example, suppose there is a query to extract dates of sale and product names for products 
with a unit price greater than 200G. This query can be seen as consisting of the following 
steps. 

SELECT date, product_name 
FROM product, sales 
WHERE unit_price>=200 

AND product.product_code = sales.productcode; 


1. Join the Product Table and the Sales Table. 

2 Select products whose unit price is greater than 200G. 

3. Extract columns of dates and product names. 

For example, the figure on the left below shows the query processed in order from 1 to 

3 The figure on the right shows the query processed in order from 3 to 1. Either way. the 
queries are equivalent. 

SALES PROPUCT PROPUCT 

TABLE TABLE TABLE 
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However, when processed from 1 to 3. the same query would generally require a 
longer processing time, because when the first join is performed, an intermediate table 
with many rows may be created. On the other hand, the procedure from 3 to 1 requires 
a shorter processing time, since selection and projection happen first, trimming unwanted 
data as soon as possible. Thus, the same query may require a different processing time, 
depending on the order in which projection, selection, and join are performed. 

Generally, the database should use the following rules to find the best querying order: 

• Execute selection first to reduce the number of rows. 

• Execute projection first to reduce the number of columns irrelevant to the result. 

• Execute join later. 

There are different techniques for executing projection, selection, and join, respectively. 
For selection, you can use either a full-match search or an index-based search. For join, the 
following methods are available. 

ueerep loop 

The nested loop method compares one row in a table to several rows in another table (see 
the figure below). For example, one of the values in a row in Table T1 is used to find match- 
ing rows in Table T2. If the values are the same, then a joined row is created. 


TABLE TZ 
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so kt rAezee 

The sort merge method sorts and then merges rows in multiple tables (see the figure 
below). First, all or part of Tables T1 and T2 are sorted. Then they are compared starting 
with the top row, and a joined row is created whenever the same value is found. Since they 
have already been sorted, processing only needs to be done in one direction, so it will take 
less time. You should be aware, however, of the time needed for the initial sorting. 


TABLE T1 


101 


102 


103 


104 






TABLE TZ 


101 


101 


102 


102 





First sort, 
then compare. 


HASH 

A hash divides one of the tables using a hash function and then merges it with a row in 
another table that has the same hash value. This method effectively selects the row to joir 


TABLE T1 TABLE TZ 
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OPTIMIZER 


^ummasy 



aoewe^e 


When a query is processed, these different techniques are examined for optimal perfor¬ 
mance. In a database, the function in charge of optimization of queries is referred to as the 
optimizer. There are two common types. 

RULB-BA5EP PPOCE55IN& 

Certain rules are established before any operations are performed. For example, some 
operations can be combined or reordered in much the same way an algebraic equation can 
be manipulated and still mean the same thing. The optimizer tries to find the most efficient 
way to process the query that gives the same results. 

COBT-8A5BP PPOCB55IN& 

This method tries to estimate the cost of processing the query, based on statistics that the 
database maintains. Cost-based processing is sometimes more flexible than rule-based 
processing, but it requires periodical updates of the database's statistics. Managing and 
analyzing these statistics requires a lot of time. 


You can set user privileges for a database. 

Locking ensures consistency when a database has multiple users. 
Indexing enables fast searches. 

A database has disaster recovery functions. 


Q1 

COMMIT; 

Q2 

ROLLBACK; 

Q3 Yes 

Q4 No 
Q5 No 
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Q6 No 


Q7 Increases 
Q8 Decreases 

Q9 

GRANT SELECT ON product TO Export_Department; 

QIO 

REVOKE DELETE ON product FROM Overseas_Business_Department; 

Qll 



Search 

Insert 

Update 

Oelete 

Overseas Business Dept. 

YES 

YES 

YES 

YES 

Merchandise Dept. 

NO 

YES 

NO 

YES 

Export Dept. 

NO 

NO 

YES 

YES 


Q12 

A rollback is performed since it is not committed at the time of the failure occurrence. 

Q13 

A roll forward is performed since it has been commited at the time of the failure 
occurrence. 

Q14 

No recovery operation is needed since it has been committed at the time of checkpoint. 

Q15 

Hash 

Q16 

B-tree 
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pataeases axe evemmep,e.' 






NO, NO/ 



YES? WHAT'S THE 
MATTER? VO YOU 
WANT A BANANA, 
TOO, RURUNA? 



FATHER, 
MUNOHINO 
ON FRUIT 1$ 
ALL YOU HAVE 
PONE SINCE 
YOU HAVE 
RETURN EP. 




//! 



FOROIVE 
ME/ NO 
OTHER FRUIT 
COMPARE/ 



3 




BUT I APMIT, RURUNA 

kept a tioht rein 

WHILE I WAS AWAy. 


LOOIC AT HOW 
PROSPEROUS 
THE KINOPOM 
OF KOP IS/ 















WHAT ARB YOU 
TALKINO ABOUT? 

rve nbvbr sbbn 
hbr bbforb. 


BUT you MUST HAVB 
COMB FOR BOMB 
OTHBR BUSINBSS, 
RIOHT? 


yes, THAT'S RIGHT/ 


SHB WAS A BIO HBLP 
TO OAIN ANP MB WHItB 
you WBRB AWAy. 


I THOUOHT FATHBR 
WOULP KNOW HBR 
BBOAUSB SHB CAMB 
FROM THB BOOK HB 
OAVB MB. 


have you NO, i 

SEEN HER? HAVEN'T. 


AS I THOUOHT, 
TICO IS INVISIBLB 
BXCBPT TO OAIN 
ANP MB. 


yes. oh...tioo is a 

OIRL ABOUT THIS 
BIO, ANP SHB FUIBS 
IN THB AIR... 


SHB CAMB OUT OF 
THB BOOK yOU 
OAVB MB, FATHBR. 
























TIOO HAS 
PISAPPeARSPi 



ynjISP!? 





ANP SHe POSSNT 
APPSAR TO BB IN THe 
BOOK, eiTHeR. 


wHeize on barth 

HAS SHB OONe? 




I'LL LOOK. AROUNP 
THe OASTUB 
OROUNPS AOAIN. 



I'M 50(2 RY/ 


oh, exouse Me, 
PRiNoess. 



S3 


iWi 

1 

is 


»VVi> 









EHE'S NOWHERE/ 



TICO, WHY HAVE YOU 
PISAPPEAREP ALL OF 
A SUPPEN? 



IV LIKE TO 
BIP HER... 







AT LEAST A 
FAREWELL. 


ME, TOO. 





WHAT? 


HERE I AM/ 



TICO! 
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IT'S NOT NICE 

to e\eeiB 

LIKE THAT/ 


RURLJNA, PONT 
BE MAP' 


I WAS WORRIEP 
ABOUT YOU/ 


^ I <7 







SORRY. 




'// 


WHERE HAVE 
YOU BEEN? 


I HAVE BEEN BUSY, 
YOU KNOW... 



Jjfc 


OVERSEAS, THERE ARE 
COUNTRIES WHERE 
DATABASES ARE USEP 
FOR VERY PIFFERENT 
PURPOSES. 
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PdLdB&eee in use 


FOR EXAMPLE, IN SOME 
COUNTS IES, DATABASES 
ARE USEP AT BANKS TO 
MANAOE ACCOUNTS/ 





tm 


w / 






m 


BAN ICS WITH 
DATABASES/ 



YOU COULP 
WITHPRAW FROM 
YOUR OWN 
ACCOUNT AS WELL 
AS TRANSFER 
MONEy INTO 
SOMEBOPy 
ELSE'S ACCOUNT. 


Vi 





THAT SOU N PS SO 
CONVENIENT/ 


\ 


PAYMENTS 
CAN BE MAPE 
THROUGH A 
PATABA5EJ 


ALL ABOARP.' 



SOMETIMES TRAIN SEAT 
RESERVATION SySTEMS 
USE PATABASES. 


TICKET To* 




WITH A PATABASE, 
BOOKING WOULP BE 
POSSIBLE FROM ANy 
STATION. 


s : o& 




0 00 




'Ml. 


n 



exactly. 


REMEMBER THE LESSON 
ON LOCIC-BASEP 
OPERATIONS? 
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THAT'S The 
FUNCTION NEEPEP 
TO ENAELE A 

lot of people 

TO MAKE 
RESERVATIONS 


FROM PIFFERENT 
STATIONS AT 
THE SAME TIME 
WITHOUT POUELE 

eookino. 


RESERVATIONS 


DATABASE 




ANP SECURITY ANP 
COUNTERMEASURES 
AO A INST FAILURE 
ARE ALSO IN PLACE. 


% 


¥ 


Hk 

I 


DATA¬ 

BASE 




c * * 
0 


MEASURES 

AGAINST 

FAILURE 


\Kjo!> 

M' 


/oif , .! v ' 


THAT'S RIOHT' BANK 
PATAEASES PEFINITELY NEEP 
THOSE FUNCTIONS. 





IT WOULD 
BE AWFUL IF 
SOMEONE COULD 
WITHDRAW MY 
MONEY AT WILL. 


PATAEASES ARE 
ACTIVELY HELPINO US 
EVERYWHERE. 


I'D BE FLAT 
BROKE IF MY 
ACCOUNT WERE 
EMPTIED. 


NOT ONLY THAT, PATAEASES 
ARE EVERYWHERE ELSE. 



/ 



YOU CAN SAY 
THAT AOAIN' 




r 

o 


A 
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paza&aeee aw zhe u/ev 


FOR EXAMPLE? 




f 


A PATAEASE 
SYSTEM LINKEP 
TO THE WEE/ 


THE WEE? 


OVERSEAS, PEOPLE CAN 
EUY VARIOUS OOOPS 
FROM WEE PAOES. 


IT'S 

HERE.' 

SWEET' 



THAT SOUNPS SO 
CONVENIENT/ 



¥ 


o 


OQ* 


WONPERFUL/ 


FOR EXAMPLE, 
YOU CAN EUY ANY 
EOOK YOU WANT... 


EY EROWSINO A 
WEE PAOE. 



SO...YOU PON'T HAVE 
TO MAKE A LIST OF 
TITLES ANP 00 TO A 
EOOKSHOP/ 


ABSOLUTELY FOR 
THAT SYSTEM.' 




ON AN 
EZRANP 

FOR The 



LET ME 
SEE, 
WHAT'S 


E 
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WHEN you 

LOOK FOR A 
CERTAIN BOOK 
YOU HAVE IN 
MINE?, 


\ 


- v 


"> 




ENTER A KEyWORP IN 
A WEB BROWSER. 



nco 

SEARCf 


WHAT CATEOOR/ N 
OF BOOKS ARE yOU 
LOOKING FOR? J 




THEN TYPE 
FRUIT IN THIS 
KEyWORP 
FIELP. 


keywokp 


Fruit 


WELL, LET ME SEE...THAT 
WOULP BE "FRUIT," I OUESS. 


THIS KEyWORP IS SENT OUT 
AS AN HTTP REQUEST. 



A COMPUTER THAT 
RECEIVES A REQUEST 
ANP PROCESSES IT IS A 
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IN TURN, THB DATABASE RETURNS 
PROPUCT PATA AS A RESULT. 


MM-HMM. 
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o 


this \e how we 

can see A LIST OF 
BOOKS ABOUT FRUIT 
ON A WBB PAOe. 


WHBN you PURCHASF 
A PROPUCT, A SIMILAR 
PROCeSS TAKBS 
PLACB. 


WOW, I'P 
LOVE TO 
BUY IT! 







&mzA 




IN THAT CASB, AN SQL 
STATBMBNT IS ISSUBP 

to rbpucb thb numbbr 

OF ITBMS IN STOCK 


FROM THB INVeNTORY 
TABLB, ANP THBN THB 
ITBM YOU ORPBRBP 
IS APPBP TO THe 
SHIPPING TABLB. 



SO...SQL AOAIN. 


PRINCeSS 
RURUNA, WILL 
yOU LOOK AT 
THIS? 



WHAT COULP 
THAT BB? 


*9 



FRUIT LOVB 




O B'HIE X. 
KJH& Qf fjJV 




ReCOMABHQeV: 

FRUIT LOVB 

BY The KIN<3 OF KOV 




oh My/ 



WHAT IS 
THIS/? 


U 


Tt- 


I WONPER 
WHEN 
FATHER 
PUBUEHEP 
IT? 


0 


O U/ 



sombtimbs you PO 

FINP SOMBTHINO 
WBIRP, HUH? 
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I IMAGINE A LOT OF 
CUSTOMERS ACCESS 
A WEE BOOKSHOP AT 
THE SAME TIME. 


EVEN IF LOCKS ANP 
SECURITY FUNCTIONS 
GIVE THE DATABASE FULL 
PROTECTION, 



IT MUST BE A LOT OF 
PROCESSING. 


IN THAT CASE, 
THE BURPEN OF 
PROCESSING IS 
SHAREP AMONG 
A NUMBER OF 
SERVERS. 



YOU MEAN MORE 
THAN ONE SERVER 
IS INVOLVEP? 


YES, THE LOAP IS PISTRIBUTEP 
AMONG PIFFERENT SERVERS, LIKE 
A WEB SERVER ANP AN APPLICATION 

SERVER. 



WEB 

SERVER 


o 

APPLI¬ 

CATION 

SERVER 



A 5EPVEP IS A 
SERVER IN CHARGE OF 
CREATING A WEB PAGE, 
ISN'T IT? 



□ 


□ 


m 


YEP/ ANP AN APPLICATION 
CEPVEP IS IN CHARGE OF 
COMPOSING SQL STATEMENTS, 
AMONG OTHER THINGS. 



WEB / 


PA6E/ 

vivl 1 /! r /X*»v 





vX*X* 


APPLI¬ 

CATION 

SERVER 
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p\ezm\izev PdZds&eee 


CAN THE LOAP EE 
SHAREP AMON(E 
PATABA5B SERVERS? 


YES, ANP WHEN THAT 
HAPPENS IT 1$ REFERREP 
TO AS A PI5TRIBUTBP 
PATA&A5E. 


h 


w\ 




IT SOUNPS LIKE 
A PATABASE 
MANAOEP BY 
A NUMBER OF 



YOU'VE 
(EOT IT. 





T 


YOU SHOULP NOTE, 
HOWEVER, THAT THESE 
SERVERS Cm ACT AS A 
PINOLE PATABASE. 





* ° 



° At A& 



■tt#* 


Ass 


*e Rve 



C7 


THAT MAKES IT POSSIBLE 
FOR EACH SERVER TO 
MANAOE ACCORPINO TO 
ITS CAPACITY. 
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MANY EERVERE 
PROVIPE EXTRA 
PROTECTION 
AOA1NET FAILURE, 
TOO/ 






!! 


n -col 

Tl -CO! 


.0 


THAT MEANE THE ENTIRE 
PATABAEE EYETEM 
WON'T eO POWN, EVEN 
IF FAILURE OCCURE ON 
EOME EERVERE IN THE 
EYETEM. 


m 






rZTrrr 


FOR EXAMPLE? 




anraa! 

mm 

i 

stmmm 


ALEO, FOR INETANCE, ALL 
EERVERE MUET EE UPPATEP 
PROPERLY IN CAEE ANY 
PROBLEM OCCURE ON THE 

NETWORK. 


WHEN A TRANEACTION IE 
COMMITTED YOU MUET 
ENEURE CONEIETENCY 
ACROEE YOUR PIETRIEUTEP 

PATABAEE. 
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eco^ev PKOcevunse a w 


A NETWORK 15 A MU5T 
IN ANY ENVIRONMENT 

where a 5et of 

5ERVER5 15 U5EP. 



4 


RIOHT' THAT'5 
WHERE 5TOREP 
PROCEPURE5 ARE 
U5EFUL; 




V 


THEY ARE 50METIME5 
CREATE? TO HELP REPUCE 
THE BURPEN ON THE 
NETWORK. 



5TOREP..? 


C aha 0 I- ^ 



POE5NT 570RE MEAN PZ/T 
/ATO /lYE/WORT, IN OTHER 
WORP5? 


a a 


RIOHT' 


IN ORPER TO REPUCE THE 
BURPEN ON THE NETWORK, 
FREQUENTLY U5EP OPERATION5 
CAN EE 5TOREP IN PATAEA5E5. 


FREQUENTLY U5EP 
OPERATIONS YOU 
5AY..WHAT KINP OF 
OPERATION5 ARE THEY, 
I WONPER? 



WELL, 5INCE WE 
WERE TALKINO ABOUT 
OPERATION5 FOR BUYINO 
A BOOK, 5UBTRACTINO 
FROM THE IN-5TOCK 
COUNT IN THE INVENTORY 
TABLE ANP APPINO PATA 
TO THE 5HIPP1NO TABLE- 


ARENT TH05E 
TYPICAL 
OPERATION5? 


& 




PATABA555 AR5 EVERYWHERe.' 185 





















YEAH, 

inpeep. 


WE CAN STOKE OPERATIONS 
THAT ARE LIKELY TO EE 
USEP FREQUENTLY AS 
PROCEPURES 




IN THE PATABASE 
EEFOREHANP/ 


IF WE PREPARE A 
STOREP PROCEPURE, 
WE WON'T HAVE 
TO ISSUE AN SQL 
STATEMENT 


EACH TIME WE 
WANT TO REPUCE 
THE INVENTORY 
ANP PROCESS 
A SHIPPING 
OPERATION. 




i see. 





THAT WAY, THE 
OPERATIONAL LOAP 
ON THE NETWORK IS 
REPUCEP. 



OUR WORK IS 
REPUCEP, TOO 




r 

( OH, YES, 
YOU'RE RIOHT' 


BESIPES THAT, YOU KNOW, 
THERE ARE STOREP 
PROCEPURES THAT ARE 
AUTOMATICALLY STARTEP. 


AUTOMATICALLY? 
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WHEN PATA 15 UPPATEP, 
FOR EXAMPLE, A 
5TOREP PROCEPURE 
CAN AUTOMATICALLY 
5TART. 


IT'5 CALLEP A 


\\ \ 



TRIOCER... 


OH, YE5/ 




8ECAU5E IT POE5 
WHAT A TRIOOER ON 
A OUN POE5/ 


|v. 

3 a ' 


/w 


•V/ .• • ; 


IT WOULP EE 
CONVENIENT, 
INPEEP, IF PLACINO 
AN ORPER ANP 
UPPATINO THE 
PATABA5E 


** ** *N* 


WHY AM I A ISO 

in this OLrrprr? 


... ...> NN 

KS «5S V 






#* 


e> 




o 


V^j! 1 


PULL THE TRI66ER ANP A 
BULLET 15 5HOT. UPPATE PATA 
ANP A 5TOREP PROCEPURE 15 

ACTIVATED 


AUTOMATICALLY 
LAUNCHEP AN 
OPERATION TO 
REPUCE THE 
INVENTORY ANP 
ARRANOE FOR 
5HIPPINO. 


JU5T BUYINO ONE 
BOOK CREATE5 A LOT 
OF WORK BEHINP THE 
5CENE5, POE5NT IT? 


mm 


mam 

•••••••••••••••••• 

mum 


m 

Nr 


wm 


f 
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EXACTLY 


ALTHOUGH IN MOST 
CASES, THE PATABASE 
MAY NOT EE VISIBLE 


< 


WHEN YOU 
PURCHASE A BOOIC 
ON THE WEB. 



YES, I AOREE, 
PRINCESS 


TICO HAS HELPEP 
US TO LEARN HOW 
TO USE A DATABASE, 
ANP WE CAN MOVE 
FORWARP FROM 



SH3 




SOU N PS OOOP/ 
WATCH ME. BY USINO 
PATABASES, 


I WILL BUILP 
A WONPERFUL 
COUNTRY WHERE 
EVERYONE 
CAN ENJOY A 
CONVENIENT WAY 
OF LIFE. 




RIGHT' 



PON'T FORGET THAT 
PATABASES ARE THE MAIN 
WAY TO CONVENIENTLY 
ORGANIZE YOUR PATA. 



WE'LL PO OUR 
BEST' 


you TWO HAVE ONUY 
RECENTLY STARTEP 
UNPERSTANPING THE 
MECHANICS OF A 
PATABASE SySTEM. 


BUT I'M SURE yOU 
WILL BE ALL RIGHT 
ON yOUR OWN. 


VOU HAVE 
MADE REAL. 
PROGRESS... 


THAT'S 

FOR 

SURE. 




BUT 

THERE'S 
SO MUCH 
WE HAVEN'T 
LEARNED 
YET' 


WHAT ARE yOU 
TALKING ABOUT? 


you WILL STAy 
WITH US, WON'T 

you, tioo? 


ft \\ V 

y 



My WORK HERE 
IS PONE. 


OH, NO.... 



I HAVE MORE 
PEOPLE TO 
VISIT. 


THERE ARE MANy PEOPLE 
THAT WISH TO LEARN ABOUT 
PATABASES, yOU KNOW/ 



WYS 


yEP/ 


SEE, X AM. 




THEN ARE yOU GOING 
TO VISIT SOMEONE ELSE 
WHO HAS OPENEP A 
BOOK ON PATABASES? 


DATABASES ARE EVERYWHERE/ 1S4 






PA TAPA5E 

FAI&? 


F-fi 


n 


o 




I WAS SIMPLY eo\H6 
TO SAY OOOP-BYE 
TOPAY 


\ 


1 






l/l 


ZHV \ 
'&I&6L& 


/ 


*/ 






K 


/ 


y 




BUT SOMEHOW I'Ve 
MAPE IT MORE THAN 
THAT/ IN SPITE OP 
MYSELF. 


§ 


X 


V, 


// y 


r/ . 


/ 


IT'S BEEN A SHORT 
BUT HAPPY TIME WITH 
YOU TWO/ 


m 

m 


0 


TICO... 


T\CO, WAIT/ 


/ 


I HAVE TO... 


r. 


vcon 




% 

\ 


T1CO, PEAR/ 
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WE HAVE THE TASK 
OF IMPLEMENTING 
THE ICNOWLEPGE 
TICO HAS GIVEN US 



OH, YES, 
YOU'RE RIGHT. 


INTO A REAL 
SYSTEM. 



% 


i 


w 


M k \ 
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1$ BVBRYTHINO ALL 
RIOHT WITH YOUR 
BOOK ON PATABASBS, 
PRINCE? 


\ l t 


% 




\\\ 


IT'S A OOOP 
IPSA TO PO 
IT IN A COMIC 
book: STYLB. 


6-0 CUTE... 




ANP CAIN'S 
PRAWINOS ARB 
BXCBLLBNT. 










THAT'S REALLY 

Nice. 


a 


...OH, YES. 


SPEAKING OF CAIN, 
THE KINO IS WAITING 
FOR YOU TO TALK 
ABOUT THE WEPPINO 
ARRANGEMENTS. 


MY FATHER IS 
WAITING? 






ALL RIGHT. I'LL 
GO RIGHT AWAY. 




COOP. 


i w 




ONCE UPON A 
TIME, 


1 ».> 


V 9 . 4 


THERE WAS A TINY 
COUNTRY CALLEP THE 
KINGPOM OF KOP. 




/ 


ONE PAY, OUT OF AN 
ANCIENT BOOK ON 
PATABASES, 


FLEW A TINY 
LITTLE GIRL.... 


me an p 























































pdL&a&eee or) zfie was 



Databases are used for many different purposes, such as train seat reservation systems and 
bank deposit systems. They are indispensable in daily life and in business operations. As I 
showed Ruruna and Cain, web-based database systems are popular as well. In a web-based 
system, the communications protocol used is HyperText Transfer Protocol (HTTP). Server 
software running on a web server waits for a request from a user. When a user request 
(HTTP request) is sent, the software answers the request and returns a corresponding web 
page (HTTP response). 

A web page consists of text files in HTML format. Other files specified by Uniform 
Resource Locators (URLs) are embedded within a web page to present information such as 
images. 


WEB CLIENT WEB SERVER 



When a database is used with a web page, a database server is added to the system 
shown above. This system can be configured in three layers and is referred to as a three- 
tier client/server system. A three-tier client/server system consists of a presentation layer, a 
logic layer, and a data layer. 
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The presentation layer receives user input, such as search conditions, that needs to 
be passed on to the database. The presentation layer also processes query results received 
from the database so that they can be displayed. A web browser (such as Internet Explorer 
or Firefox) functions as a presentation tool for the user. 

The logic layer performs data processing. This layer is where SQL statements are 
composed. Processes performed here are written in one or more programming languages. 
Depending on the contents and load of processes, several servers, such as an application 
server and a web server, may be used to handle processing. 

The data layer processes data on a database server. Search results are returned from 
the database in response to SQL queries. 


Makes queries to 
the database and 
processes data 


X 


Manages the 
database 


lOG>\C LAYER 


] 


DATA LAYER 


SERVER 




DATABASE 

SERVER 




CLIENT 


The three-tier client/server configuration is a flexible and simple system. For example, 
when making additions or modifications to an application, you can separate the portion you 
want to edit as a logic layer. In the presentation layer, you can use a web browser, eliminat¬ 
ing the need for installing a separate software program. 
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oe \hg eiOKtv pkocbv use* 

In a web-based system, too much traffic on the network can be a problem. Fortunately, you 
can store program logic inside the database server itself as stored procedures. 

Storing procedures on the database server helps reduce the load on the network, 
because it eliminates the need for frequent transfers of SQL queries. In addition, storing 
procedures also makes it easier to develop applications, since standard processes can be 
encapsulated into easy-to-use procedures. Actually, stored procedures are just a special kind 
of a more broad category called stored programs. The other two types of stored programs 
are stored functions and triggers. 


Types of store? programs 


Program 

Definition 

Stored procedure 

Stored function 

Trigger 

Program that does not return values from the processing procedure 

Program that returns values from the processing procedure 

Program that is launched automatically before and after the 
database operations 


QvesTione 

Can you answer these questions? The correct answers are on page 205. 

Q1 

In a three-tier client/server system, on which layer does the database operate? 
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mat/e 

A 



In a three-tier client/server system, on which layer are user interactions received 
and results displayed? 


a p\ezmuzev pazaaaee? 


In a Web-based system, processing is distributed among a database server, a web server, 
and a web browser, with different tasks assigned to each This type of distributed system 
allows for flexible processing and decreases the processing capacity required by each server. 

But a database server itself can be distributed among several servers. Distributed 
database servers can be in different locations or on the same network. Note, however, 
that a distributed database may be handled as a single database. If the distributed data¬ 
base appears to be a single server, the user doesn't have to worry about data locations or 
transfers. 

A database can be distributed horizontally or vertically, as you'll see. 


HORIZONTAL PISTRI&UTION 

Horizontal distribution uses several peer database servers. Each database server can use 
data from other database servers, and in turn, each one makes itself available to the other 
database servers. This structure is used for a system of extended databases that operate 
separately in each department. 

A horizontally distributed database is a failure-resistant system by design, since failure 
on one server will not affect database operation. 


SERVER A 


server 0 



SERVER C 


SERVER V 


H Even when a failure 
occurs on the server 
in Department A. 


H other servers 

continue to operate 
normally. 
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VERTICAL DISTRIBUTION 

Vertical distribution assigns different functions to different database servers. One of the 
servers functions as the main server and performs a key role, while the others are in charge 
of processing tasks as requested. A vertically distributed database makes it easier to man¬ 
age the mam database server, though this main server will have a heavy load. An example 
of vertical distribution would include a company-wide main server and individual servers 
operating in each department. 



eerver b e-eevee c 


p^c\z\om& 

In a distributed database, data is spread across servers for storage. You should carefully 
consider how to divide up the data. Data can be split in the following ways. 

HORIZONTAL PARTITIONING 

A horizontal partition divides data into units of rows. Rows resulting from the split are dis¬ 
tributed across servers. This form of partitioning is often used when data can be ordered 
into groups in such a way that related data, which is often accessed at the same time, is 
stored on the same server. 

REGION A REGION B 

BD£INEG£ DEPARTMENT BU5INEE* DEPARTMENT 
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VERTICAL PARTITIONING 

A vertical partition divides data into units of columns. Columns resulting from the split are 
distributed across servers. For example, a vertical partition can be used to manage and join 
independent databases belonging to departments like the Merchandise Department, the 
Overseas Business Department, and the Export Department. 


MERCHANDIEE 

DEPARTMENT 




Product 

name 

WTzw 

District 

Person 
in charge 



















OVERSEAS BUSINESS 
DEPARTMENT 
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Databases on different servers in a distributed database system can be configured to act as 
a single database in the eyes of users. To achieve this, various steps must be taken to deal 
with the fact that data is actually distributed across different servers. 

First, whenever data is committed, all data on all servers must be updated consistently. 

In a distributed database system, the standard commit method may lead to one of 
the servers being updated while another is not. as shown below. This is a violation of the 
atomicity property of transactions, as this transaction will not end with either a commit or 
rollback. This would also cause the database system as a whole to become inconsistent. 


user 


EERVER A 


EERVER B 


UPDATE 

OPERATION 



UPDATE 

OPERATION 


COMMIT 


COMMIT 


Therefore, a two-phase commit is adopted in a distributed database system. The fwo- 
phase commit creates one commit operation from both the first and the second commit 
operations. 
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A two-phase commit operation involves a coordinator and participants. In the first 
phase of a two-phase commit operation, the coordinator asks the participants if a com¬ 
mit operation is possible. The participants send an OK reply if it is. This preparatory step is 
referred to as a prepare. In the second phase, the coordinator gives the instructions for a 
commit, and all participants perform a commit accordingly. 


COORDINATOR 



If any one node fails to secure the operation in the two-phase commit, all participants 
receive a rollback directive. This is how databases on all servers remain consistent with each 
other. 


COORDINATOR 
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QUESTIONS 

Try these questions about two-phase commits. The answers are on page 205. 

Q3 

In a two-phase commit scheme, what instructions does the coordinator give during 
the first phase? 


Q4 

In a two-phase commit scheme, what instructions does the coordinator give during 
the second phase? 


DataBase Replication 


Some distributed databases have a duplicated, or replica, database that reduces the load 
on the network. This practice is referred to as replication. The primary database is referred 
to as the master database, and the copy is called the replica. There are several types of 
replication. 


REAP-ONLY 


A read-only replica is created and downloaded from the master database on the main 
server. To change data, users must connect to the main server. 
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REPLICATION ENABLE? FOR ALL SERVERS 

In this method, the same master database is shared by all servers. Updates to any of the 
servers are reflected in all other servers. 



^URCfteR application of pazasaeee 



This final section introduces applied technologies related to databases. 

XML 

Extensible Markup Language (XML) is becoming increasingly popular as a data storage 
method. XML represents data by enclosing it in tags. Since these tags can convey informa¬ 
tion about the data they contain, this language is useful for data storage and retrieval. 

XML is useful because its strictly structured grammar makes programmed processes 
easy. Moreover. XML comes in text files (which are easy to edit) and can communicate with 
other systems. For these reasons. XML is sometimes used as a data representation method 
in place of a database. 
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<?xml version="i.0"?> 

<products> 

<fruit> 

<product code>lOK/product code> 
<product name>Melon</product name> 

<unit price> 800 </unit price> 

</fruit> 

<fruit> 

<product code>l02</product code> 
<product name>Strawberry</product name> 
<unit price>150</unit price> 

</fruit> 

<fruit> 

<product code>l03</product code> 
<product name>Apple</product name> 

<unit price>120</unit price> 

</fruit> 

</products> 


o3jecT-oz\enTev vm&Aeee 

A relational database stores text data in a table. However, a relational database may be 
inadequate when handling certain types of data. That's where an object-oriented database 
(OODB) comes in. 

The object-oriented method uses objects —sets of data and instructions on how that 
data should be used. You can hide the data and only expose the operations upon the data 
in order to handle the object as an independent component. This technique is referred to as 
encapsulation. 

In an object-oriented database, each object is represented with an identifier. Some¬ 
times. an object is also called an instance. 

In an object-oriented database, you can also manage compound objects—one object 
nested within another. This means, for example, that you can store data consisting of an 
image combined with text as a single object. The object-oriented database allows for flexible 
management of complex data. 
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In an object-oriented database, various concepts can ease object-oriented develop¬ 
ment. The template for objects is referred to as class. For example, suppose you have 
designed an Apple class. Objects (instances) in that class may be Apple A. Apple B, and so on. 
The Apple class enables the creation of these objects. 



In an object-oriented scheme, a class can also have hierarchical relationships. You can 
create a child class that has the same data and functions of a parent class. This relationship 
is referred to as inheritance. You can also give unique functions to the child class. 

For example, class Apple and class Orange may inherit the data and functions from 
class Fruit, but they also each have their own unique data and functions. In an object- 
oriented scheme, you can use hierarchical relationships to allow for efficient development. 


FRUIT 
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The three-tier client/server system is a method of Web-based system configuration. 
A database acts as a data layer. 

A distributed database system handles databases that are dispersed. 

A two-phase commit method is used in a distributed database. 


anewene 

Q1 Data layer 
Q2 Presentation layer 
Q3 Prepare 
Q4 Commit or rollback 


cioem xeMawe 


Have you enjoyed studying databases? You will need to learn even more before you can 
manage all the aspects of operating a database, but the fundamentals of databases always 
stay the same. By firmly understanding the basics, you can identify significant data in the 
real world and design and operate databases. You can acquire advanced database skills by 
building on your fundamental knowledge. Good luck! 
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BASIC QUERY 


SELECT columnname, ... 
FROM table name; 


CONPITIONAL QUERY 


SELECT column_name, ... 
FROM table_name 
WHERE condition; 


PATTERN MATCHING 


SELECT column_name, ... 

FROM table_name 

WHERE column_name LIKE 'pattern'; 


SORTEP SEARCH 


SELECT column_name, ... 
FROM table_name 
WHERE condition 
ORDER BY column name; 


A<3<ERECEATIN<E ANP <5ROUPIN<E 


SELECT column_name, ... 

FROM table_name 
WHERE condition 

GROUP BY column_names_for_grouping 
HAVING condition_for_grouped_rows 


JOINING TABLES 

SELECT table_namel.column_name, ... 

FROM table_namel,table_name2, ... 

WHERE table namei.column name = table name2.column name 


CREATING A TABLE 


CREATE TABLE table_name( 
column_namel datatype, 
column_name2 datatype, 


CREATING A VIEW 


CREATE VIEW view_name 
AS SELECT statement 


PELETINO A REAL TABLE 

DROP TABLE table name; 


PELETINO A VIEW 

DROP VIEW view name; 


INSERTING A ROW 

INSERT INTO table_name(column_namel, ...) 
VALUES (valuel, ...) 


UPPATINO A ROW 

UPDATE table_name 

SET column_name = valuel, ... 

WHERE condition; 


PELETINO A ROW 


DELETE FROM table_name 
WHERE condition; 
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A 

access rights, 19. 106. 126-129. 

141-142.159-160.167 
actual condition. 52. 55-56. 59. 74 
aggregate functions. 98-100. 110-111 
ALL statements, 159 
application servers. 182. 195 
atomicity. 153-154 
authorized users. 141. 159 
AVG (average) function. 98. 99. 110 

B 

backup copies. 161 
base tables, 160 
B-tree indexing. 163 
buffers. 161 

c 

cardinality. 74 

Cartesian product operations. 37. 39. 42 
character strings. 84. 108 
checkpoints, 161-162 
coarse granularity. 157 
columns, 34. 84 

COMMIT statements, 133, 137.150. 
154. 205 

comparison operators. 107 
compound objects. 203 
conceptual schema. 81 
concurrency controls 
isolation levels. 158 
lock-based controls. 131-137. 

155-157.167 
optimistic controls. 158 
timestamp controls, 158 
conflicting data. 13.17-18. 21. 60. 71. 
116.153, 158 

consistency, 153. 154-155. 184 
controlling, user access, 19. 106. 

126-129. 141-142.159-160.167 
correlated subqueries. 113-114 
corrupted data, 20.154 
cost-based processing. 167 
COUNT functions, 99-100. 110 
CREATE TABLE statements. 103, 
115-119 

CREATE VIEW statements. 117 


V 

Data Control Language (DCL). 106 
Data Definition Language (DDL). 106 
data extraction operations. 36-37. 39-47 
data input. 21. 90-92.103-104. 

106. 116 

data layers. 194-196. 205 

Data Manipulation Language (DML). 106 

data models. 32-39 

data processing. 35-37. 47-48.130. 159. 

167.182.195-198 
data recovery. 20. 147-152. 161-164. 

167 

data security. 19. 127. 138-142. 

159-160.161-164.167.176. 

182.184 
data tags. 202 
database design. 19. 26 

determining data conditions. 74 
E-R (entity-relationship) model. 50-55. 

74-77. 81 

normalization. 60-72. 78-81 
steps for. 81. 84 
database failures. 161 
database management system 

(DBMS). 21 

database replication. 201-202 
database terms. 26-31 
databases 

building from existing systems. 14 
defined. 6. 10.15. 187 
efficiency of. 3-4.15.19.146.174 
types of. 32-39 
use of. 19-21. 175-182 
DBMS (database management system). 21 
DCL (Data Control Language). 106 
DDL (Data Definition Language). 106 
deadlocks. 136. 158 
DELETE statements. 104. 116, 118. 

119. 159 

difference operations. 37. 39. 41 
dirty read. 158 

disaster recovery. 20.147-150. 

161-164.167 
disk access count. 145 
distributed database systems 
horizontal distribution. 197 
overview of. 183-184.197-199. 205 
partitioning data. 198-199 
replication in. 201-202 


two-phase commit operations in. 

199-201. 205 
vertical distribution. 198 
dividing tables. See normalization 
division operations. 37. 43. 45 
DML (Data Manipulation Language). 106 
DROP TABLE/DROP VIEW 
statements. 118 

duplicated data. 11.16.18.19, 21. 29 
durability. 153, 159-160 

e 

encapsulation. 203 
entities, 52-54. 74 

entity-relationship (E-R) model. 50-55. 
74-77. 81 

exclusive locks. 134-136.155-156 
Extensible Markup Language (XML). 202 
external schema. 81 

extraction operations, data. 36-37, 39-47 

F 

failure-resistant systems. 184.197 
failures, database. 161 
fields. 27-28. 30. 34. 35. 48 
file-based systems. 3.10,16, 21, 32 
fine granularity. 157 
first normal forms. 62-64. 66. 78-79 
foreign keys. 44. 48. 72. 101 
forms. 62-70. 81-82 
full-match searching. 163 
functionally dependent values, 79 

6 

GRANT statements. 159. 168 
granularity, 157 
GROUP BY phrase. 110 
grouping. 110, 159 

H 

hash function. 167 
hash indexing. 163 
HAVING phrase. Ill 
hierarchical data model. 32. 33. 39, 204 
horizontal distribution. 197 
horizontal partition. 198 
HyperText Markup Language (HTML). 194 
HyperText Transfer Protocol (HTTP). 178. 
180. 194 



I 

inconsistent data, 153. 154. 159. 
199-201 

independent data management. 19. 72 
indexes/indexing. 143-147. 162-164. 
167 

inner join, 115 

inputting data. 21. 90-92.103-104. 

106.116 

INSERT statements. 104. 116. 119. 159 
instances. 203 
internal schema. 81 

International Organization for Standard¬ 
ization (ISO). 124 

International Standard Book Number 
(ISBN). 45 

Internet databases. See Web-based 
database systems 
intersection operations. 37. 39. 41 
ISBN (International Standard Book 
Number). 45 

ISO (International Organization for 
Standardization). 124 
isolation, 153. 155-158 
isolation levels. 158 

j 

Japanese Industrial Standards (JIS). 124 
join operations. 37. 43. 44. 48. 165 
joining tables. 44.101-102. 114-115 

K 

keys 

foreign. 44. 48. 72.101 
primary. 35. 44. 48. 65. 67. 72. 
78-79.101.103,115 

L 

LIKE statements. 97. 108 
locking granularity. 157 
locks/lock-based controls. 131-137. 

155-157.167.175-176.182 
logic layer. 194-196 
logical operators. 107 
logs. 148-149 
lost data. 20. 154 

M 

many-to-many relationships. 55. 74. 

75. 81 

master databases. 201-202 
mathematical operations. See operations 


MAX (maximum value) function. 99-100. 
110 

media failures. 161 

memory. See stored procedures 

MIN (minimum value) function. 99. 110 


nested loop method. 165 
network data model. 33. 39 
non-repeatable read. 158 
normalization. 60-72. 78-81 
normalized tables. 72. 91 
null. 30. 108 


object-oriented databases (00DB), 
203-205 

one-to-many relationships. 55. 75. 81 
one-to-one relationships. 74. 81 
00DB (object-oriented databases). 

203-205 

operations 

Cartesian product. 37. 39. 42 
data extraction. 39-47 
difference. 37. 39. 41 
division. 37. 43. 45 
intersection. 37. 39. 41 
join. 37. 43. 44. 48.165 
projection. 36. 37. 43. 165 
relational. 43-47 

selection. 37. 39. 43. 47. 48. 165 
set. 39-42 

union. 37. 39. 40. 48 
operators. 107 
optimistic controls. 158 
optimization, query. 164-167 
optimizers. 167 
ORDER BY statements. 98 
outer join, 115 

p 

partitioning data. 198-199 

passwords. 141 

pattern matching, 108 

permissions. 19. 141-142. 159-160. 167 

phantom read. 158 

presentation layers. 205 

primary keys. 35. 44. 48. 65. 67. 72. 

78-79. 79.101. 103. 115 
problems, data management 

conflicting data. 13.17-18. 21. 60. 71. 

116.153.158 
corrupted/lost data. 20.154 


database failures. 161 
difficulty changing data. 13. 14.17, 18 
duplicated data. 11. 16. 18. 19. 21. 29 
inconsistent data. 153.154.159, 
199-201 

shared data. 12. 20. 21. 129.175 
processing data. 35-37. 47-48. 130. 159. 

167. 182.195-198 
programming languages. 178,180, 

194, 202 

projection operations. 36. 37. 43,165 
protecting data, 19, 127. 138-142. 
159-160, 161-164. 167.176. 

182. 184 

Q 

queries. See SQL; SQL statements 
query optimization. 164-167 

R 

READ COMMITTED transactions. 158 
read operations. 130. 133, 134. 159 
READ UNCOMMITTED transactions, 158 
read-only replica, 201 
records. 27-28. 34. 48. 148-149 
recovery mechanisms, 20.147-150. 
161-164.167 

relational data model, 33-34, 35. 39. 

47. 48 

relational operations, 43-47 
relationships 

concept of. 54. 74 

E-R (entity-relationship) model. 50-55. 
74-77. 81 

hierarchical relationships. 32, 33. 

39. 204 

many-to-many relationships. 55. 74. 
75. 81 

one-to-many relationships, 55. 75. 81 
one-to-one relationships. 74. 81 
remarks. 30-31 

REPEATABLE READ transactions. 158 
replicas. 201-202 
resources in transactions. 155 
retrieving data. 36-37. 39-47, 90-92. 

95-99.101-102.106,180. 202 
REVOKE statements. 159. 160.168 
right outer join, 115 
ROLLBACK statements. 136-137. 150. 

153-154. 205 
rolling forward. 149 
rows. 34. 84. 116 
rule-based processing, 167 
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schemas. 81 

search methods. 93-97. 106.108. 

112-115.163. See also SQL 
second normal forms, 62. 64. 66-69, 
78-79. 82 

security, data. 19.127.138-142. 
159-160.161-164.167. 176. 

182. 184 

SELECT statements. 93-97. 98. 105. 

106.113.119.159 
selection operations. 37. 39, 43. 47. 

48. 165 

separate data management. 11.19. 72 
SERIALIZABLE transactions. 155, 
156.158 

servers. 178-185.194-197. 205 
set functions, 98. 110 
set operations. 39-42 
SET TRANSACTION statements. 158. 160 
shared data, problems with. 12, 20. 21. 
129.175 

shared locks. 133. 155-156 
sort merge method. 166 
sorting. See aggregate functions; indexes/ 
indexing 

SQL (Structured Query Language) 

aggregate functions. 98-100. 110-111 
comparison operators. 107 
conditions, creating. 95-96.101. 
107-109 

data manipulation. 90-92.100. 
106.116 

GROUP BY phrase. 110 
HAVING phrase. Ill 
joining tables. 44.101-102. 114-115 
logical operators, 107 
overview of. 90-92. 106. 116, 124 
pattern matching, 108 
phrases used in. 94-97,106. 
110-111.119 

query optimization, 164-167 
search methods. 93-97.106. 108, 
112-115.163 
standardization of, 124 
subqueries. 112-114 
tables, creating. 91-92.103-105. 106. 
115-119 

views, creating. 117. 160 
Web-based databases and. 178-179. 
195-196 

WHERE phrase. 94-97, 106. 110. 119 
wild cards. 97. 108 


SQL statements 
ALL. 159 

COMMIT. 133.137.150.154. 205 
CREATE TABLE. 103.115-119 
CREATE VIEW. 117 
DELETE. 104,116.118. 119. 159 
DROP TABLE/DROP VIEW. 118 
GRANT. 159.168 
INSERT. 104.116, 119.159 
LIKE. 97.108 
ORDER BY. 98 
REVOKE. 159.160.168 
ROLLBACK. 136-137.150,153-154. 
154. 205 

SELECT. 93-97. 98.105.106.113. 
119.159 

SET TRANSACTION. 158. 160 
UPDATE. 104.116,119.159 
SQL92/SQL99.124 
stored functions, 196 
stored procedures. 185-188. 196 
Structured Query Language. See SQL 
(Structured Query Language) 
subqueries. 112-114 
SUM function. 99. 110 
system failures. 161 

T 

tables 
base. 160 

concept of. 34. 39. 48 

constraints of. 116 

creating. 57-59. 91-92.103-105. 

106.115-119 
forms for. 62-70. 81-82 
joining. 44.101-102.114-115 
multiple. 59 

normalization of. 60-72. 78-81 
normalized. 72. 91 
two-dimensional. 34. 79 
views. 117.160 
tabulation. 34. 47. 57. See also 
normalization 
tags. 202 

third normal forms. 62. 68. 69-70. 

78-79. 81. 82 

three-tier client/server systems. 194-196. 
197. 205 

timestamp controls. 158 
transactions 

defined. 126-130 

disaster recovery and. 149-150 

failures in. 161 


properties of. 153-160 
read/write operations. 130. 133. 

134. 159 

transitively dependent values. 79 
triggers. 187. 196 
two-phase commit operations. 

199-201. 205 

two-phase locking. 156-157 

u 

unauthorized data overwrites. 140 
uncoordinated data management. 10 
uniform data management. 19 
union operations. 37. 39. 40. 48 
unique fields. 30 
unnormalized forms. 62. 78-79 
UPDATE statements. 104. 116.119.159 
user permissions. 19. 106.126-129. 

141-142. 159-160. 167 
usernames. 141 

V 

vertical distribution. 198 
vertical partition. 199 
views, creating. 117. 160 

w 

Web-based database systems. 177-182, 
194-197 

WHERE phrase. 94-97, 106.110.119 

wild cards. 97,108 

write operations. 130, 133-134, 159 

X 

XML (Extensible Markup Language), 202 
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